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INTRODUCTION 


This book is meant to prepare candidates for the IT Joint Entrance 


` Examination. It is obvious that even a thorough preparation for the 10 + 2 


pattern of examination is not sufficient for the totally different type of ТЕЕ. 
Therefore, the importance of this book cannot be overemphasized. It is the 
result of the combined effort of teachers who have had considerable experience 
and success in preparing students for this highly competitive examination. 
The book is in two parts. The first part comprises the question papers for 
the last five years in physics, chemistry and mathematics and their solutions. 
The English question papers of 1985, 1986 and 1987 have also been provided 
with their answers. The second part is a ‘question bank’. 

In the first part a ‘model solution’ is provided to each question. This is 
the solution that gets the highest score. Each step of an answer carries 
marks and the model solution shows the reader the steps that win those 
valuable marks. The model solutions show how the mind of the paper-setter 
works and what the evaluator expects. It prepares the candidate for the 
tricky questions that are always asked in this examination. 

The question bank gives about 150 vital questions on each subject which 
have been carefully prepared by our team of experts. They are of the same 
standard as those asked in the examination and follow the same pattern. 
They are meant for practice, after the reader has studied the model solutions 
section and has understood the method by which the problems are to be 
tackled. The answer to each question is provided. 
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SOME USEFUL HINTS 
FOR EXAMINEES 


. The students must carefully read the instructions given at the begin- 


ning of each question paper and bear them in mind while writing the 
answer. 


. In the physics and chemistry papers, the students should always use 


the same numerical value for the physical constants as is given in the 
question paper. 


. Calculators and log tables are not allowed in these papers and, there- 


fore, the students are required to do the calculations in the answer 
sheets. It is always advisable to column off about 4 cm on the right- 
hand side of every answer sheet for rough work. 


. All the papers, whether physics, chemistry and mathematics should 


be taken with all seriousness. 


. PART A of the question paper comprising ‘Objective Questions’ 


should be attempted first as given in the instructions in the question 
paper, since it covers about 50% of the marks in physics, chemistry 
and mathematics. PART B should be attempted afterwards. It is 
advisable not to exceed the time limit while answering PART A. 


. The problems given in these papers are more general and based on 


concepts. Most of the problems involve more than one concept. The 
students must carefully read the problems and find the ‘catch’ before 
attempting it. 


. Steps should be clearly shown as far as possible while writing any 


specific answer. Marks are always given for each step and not for the 
problem as a whole. 


. The textbooks should be studied carefully and the TMH model solu- 


tions should be studied only after gaining a thorough knowledge of 
the respective subjects. 
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SYLLABI FOR JEE 


CHEMISTRY 


Electron, proton and neutron: constitution of nucleus; properties of alpha, 
beta and gamma rays; Rutherford’s scattering experiment; Bohr atomic 
model (mathematical details excluded); quantum numbers; Pauli exclusion 
principle; Hund’s rule; Aufbau principle; electronic configuration of elements 
(up to atomic number 36); shapes of s, p and d orbitals. 

Periodic table: periods and groups, classification of elements with respect 
to s, р and d blocks; periodicity in properties, namely, atomic radius, ioni- 
zation energy, electron affinity and electronegativity. 

Chemical bond: electrovalent (ionic) and covalent (including coorcinate) 
bonds; polarity in molecules; dipole moment (qualitative aspect only); Con- 
cept of hybridization involving s and p orbitals only; hydrogen bond. 

Behaviour of gases: Avogadro's law; equation of state for an ideal gas; 
diffusion of gases; kinetic theory of gases; root mean square velocity and 
its relation with temperature; average velocity; Gay Lussac' law. 

Stoichiometry: balancing equations for chemical reactions (including 
oxidation-reduction reactions using ion-electron and oxidation number 
methods): calculations involving oxidation-reduction, neutralization and 
displacement reactions; use of mole concept. Solutions: expressing concentra- 
tion in terms of mole fraction, molality, molarity and normality; lowering 
of vapour pressure; Rauolt's law. . 

Concepts of chemical equilibrium: law of mass action; equilibrium cons- 
tant; exothermic and endothermic reactions; Le Chatelier's principle and its 
applications; ionic equilibria in aqueous solutions; solubility product, com- 
mon ion effect, acid-base equilibria, hydrolysis of salts; pH; buffer solutions. 
Simple numerical problems based on above. 

Thermochemistry: Heat of formations, heat of combustion and heat of 
reaction; Hess's law. 

Chemical kinetics: rates of reactions, order of reactions, rate constant and 
half-life period of first-order reactions; elementary concept of catalysis. 

Faraday's laws of electrolysis; galvanic cells; cell reactions and emf of 
cells involving the following electrodes only: Zn/Zn**; Cu/Cu-*; Fe/Fe**; 
Sn/Sn**; Pt, H2/H*; Cl-/Cla, Pt Electrochemical series. 

Hydrogen and hydrogenperoxide: preparation, properties and uses. 

Sodium, potassium, magnesium and calcium: important minerals, extrac- 


tion, properties and uses; compounds: oxides, hydroxides, carbonates, 
bicarbonates and sulphates. 


Aluminium: minerals, extraction, properties and uses; compounds: alumina, 
aluminium chloride and alums. 
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Carbon: occurrence allotropes and oxides. 

Тіп and lead: important minerals, extraction, properties and uses; com- 

pounds: oxides and chlorides. : | j 

Nitrogen and phosphorous: sources; compounds: oxides and oxy-acids, 
ammonia, fertilizers. 

Oxygen and sulphur: properties; allotropes; compounds: hydrogen sul- 
phide, sodium thiosulphate, oxides, sulphurous and sulphuric acids. 

Chlorine, bromine and iodine: preparation, properties and uses; com- 
pounds: hydrohalic acids, oxy-acids of chlorine, bleaching powder. 

Iron, copper, silver and zinc: occurrence, extraction, refining, properties 
and uses; compounds: ferrous sulphate, ferric oxide, ferric chloride, copper 
sulphate, silver nitrate, silver bromide, zinc oxide and zinc sulphide. ! 

Note: In the case of all the compounds mentioned above, their prepara- 
tion, properties and uses are included. 

Concepts of hybridization of carbon; sigma and pi bonds, resonance; 
homologous series; structural isomerism; nomenclature. 

Alkanes: substitution reactions, alkenes and alkynes addition reactions, 
ozonolysis. j: 

Benzene: structure, nitration, sulphonation, halogenation and acylation l 
reactions. i 

Characteristic reactions of the following functional groups: alcohol (esteri- 
fication, dehydration, oxidation, reaction with sodium and phosphorous 
halides); phenol (halogenation, nitration, sulphonation); aldehyde and 
ketone (oxidation, reduction, oxime and hydrazone formation, aldol con- 

densation and Canizzarro’s reaction), carboxylic acid (formation of ester, 
amide and acid chloride). 

Penetration, properties and uses of the following: ethanol, ethylene, | 
acetylene, di-ethyl ether, chloroform, carbon tetrachloride, formaldehyde; E 
„acetaldehyde, acetone, formic and acetic acids, acetic anhydride, ethyl 
acetate and aniline. 


PHYSICS 


Units and dimensions, SI units, displacement, velocity, kinematics in one 
and two dimensions with constant acceleration, projectiles, concepts of 
relative motion, circular motion, 

Newton’s law of motion, concepts of inertial frames, momentum, Forces: 
friction, spring force, tension and gravitational force, work, energy and 
power, conservation of momentum and energy. Universal Jaw of gravitation, 
variation of the acceleration due to gravity with altitude and latitude, 
Kepler’s laws, motion of planets and satellites assuming circular orbits. > 

e Simple harmonic motion. 

Centre of mass of a system of particles, elastic and inelastic collision in 
one dimension. Rigid bodies: moments of inertia of simple shapes like ring, 
disk, cylinder-and sphere, angular momentum, torque. Conservation of 
angular momentum. 

Hooke's law, Young's modulus, shear and bulk moduli. Principle of 
buoyancy's, pressure in a fluid. 
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Wave motion, concepts of amplitude, frequency and phase, longitudinal 
and transverse waves, progressive and stationary waves, vibration of strings 
and air columns, resonance, beats, velocity of sound, echoes. Doppler effect, 
quality and pitch of sound. 

Thermal expansion of solids, liquids and gases. Ideal gas laws, absolute 
temperature, specific heat, Cp, C, and у, isothermal and adiabatic processes. 
Calorimetry, latent heat, equivalence of heat and work, conduction, con- 
vection and radiation. 

Elements of kinetié theory of gases, pressure of an ideal gas, equipartition 
of energy temperature. 

Coulomb’s law, electric field, lines of force, electric potential, capacitance, 
dielectric constant, parallel plate capacitors, capacitors in series and parallel, 
energy stored in a capacitor. 

Electric current, Ohm’s law, series and parallel arrangements of resistan- 
ces and cells, Kirchhoff’s laws. Wheatstone bridge and applications, heating 
effect of current, magnetic field due to a current, magnetic moment of a 
current loop, force on a moving charge and on a current carrying wire in 
a magnetic field, moving coil galvanometer, voltmeter, ammeter electromag- 
netic induction, Faraday’s and Lenz’s laws, self and mutual inductances, 

Rectilinear propagation and velocity of light, reflection and refraction at 
plane and curved surfaces, total internal reflection, critical angle, prism, 
minimum deviation, dispersion, spectrometer and spectra. Curved mirrors 
and thin lenses, magnification, microscope, telescope. 

Wave nature of light, interference phenomena, Young's double slit expe- 
riment, fringe width. 

Cathode rays, law of radioactivity, nature of «, В and у rays, law of radio- 
active decay, half life, photons, photoelectric effect, Bohr's theory of hydro- 
gen-like atoms, X-rays: production and properties. Atomic nucleus, binding 
energy, nuclear energy by fission and fusion. Diode rectification and triode 
amplification. 


MATHEMATICS 


Algebra: Complex number as an ordered pair of real numbers; geometrical 
representation; real and imaginary parts; absolute value and conjugation, 
triangle inequality. 

Theory of quadratic equations and expressions; relationships between 
roots and coefficients; linear and quadratic inequations in one variable; 
arithmetic, geometry and harmonic progressions; permutations and combi- 
nations; elementary applications of mathematical induction; binomial theorem 
for a positive integral index. 

Determinants of order two and three and their elementary properties; 
solutions of simultaneous linear equations in two and three variables, 

Coordinate Geometry: Rectangular Cartesian coordinates; distance bet- 
ween two points; area of a triangle; straight line; angle between two lines; 
parallel and perpendicular lines; distance of a point from a line, circle; 
equation of tangent and normal to a circle, parametric representation. 

Trigonometry: Trigonometric functions and their graphs; addition and 
subtraction formulae; multiple and submultiple angles; general solution of 


xii Syllabi for JEE 


triggnometiic equations, solution of triangles; simple applications in finding 
heights and distances. 1, 10] i 
- Calculus: Function, into, onto,» dnd one-one functions; polynomial, 
rational, trigonometric, logarithmic, and exponential functions. 

'' Notion of limit and continuity of a function; derivative ofa function ata 
point; derivatives of sum, difference, product and quotients of functions; 
derivatives of composite and implicit functions, derivatives of polynomial, 
rational trigonometric, inverse trigonometric, logarithmic, and. exponential 
functions; geometrical interpretation of derivative; tangents and normals, 
sign of the derivative and monotonicity; maximum and minimum values of 
function, | ү 

' Integration as the inverse process of differentiation; integration by parts 
' and by substitution; definite integrals and its application for the determina- 
tion of areas (simple cases). 

Vectors: Addition of vectors; multiplication by a scalar; scalar. product, 
cross product and scalar triple product, with geometrical applications. 
Probability: Probability, sum and product laws, conditional probability. 


1984 


QUESTION PAPERS 


PHYSICS 


Time—3 Hours MAXIMUM MARKS—100 


Note:—(1) You are advised not to spend more than sixty minutes in ans- 
wering Part A. 

(2) Answers to Part A must be given only on the first six pages of 
the answer-book in the order in which the questions appear in 
the question paper. 

Useful Physical Data 

Speed of light in vacuum = 3 X 108 m/s; Planck's Constant = 6.6 x 10-3 J s 
Mass of the proton = 1.67 x 10-7 kg; 1 rydberg = 2.2 X 10-18 J; Bohr radius 
of hydrogen atom = 5 x 107! m; Boltzmann's Constant = 1.38 x 10773 J/K; 
Acceleration due to gravity=9.8 11/82; Radius of the earth = 6400 km; 
Speed of sound in air= 330 m/s; Speed of sound in water= 1400 m/s; 
Young's modulus of steel = 2 х 10 1 N/m?; Coefficient of linear expansion of 
steel = 1.21 x 1075/^C. 


PART A 


1. In each ofthe statements below, several alternatives are given. In 
some cases, more than one alternative may be correct. Select all the 
correct alternative(s) in each case, and write down the corresponding 
letter(s) [A], [B], [C] or [D] in your answer-book. For each Part, marks 
will be given only if all the correct alternatives are selected: 


2x9=18 


(i) L, C and R represent the physical quantities, inductance, ca i- 
tance and resistance respectively. The combinations which have 
the dimensions of frequency are 


[A] 1/RC [ві R/L [CI VIC [DI CIL 


(ii) A body is moved along a straight line by a machine. delivering 
constant power. The distante moved by the body in time f Is 
proportional to $ 


Гаја [аја ДОО — In] й 


2 Question Papers 


(iii) A transverse wave is described by the equation Y= Yo sin 27 
(ft—x/A). The maximum particle velocity is equal to four times 
\ ше wave velocity if 
К d ү [A] A= туо/4 [B] A= 7yo/2 ІС]А = туо [D] à 2 2zyo 
(iv) White light is used to illuminate the two slits in a Young's double 
slit experiment. The separation between the slits is b and the screen 


is at a distance d(>b) from the slits. At а point on the screen 
.... directly in front of опе of the slits, certain wavelengths are miss- 


ing. Some of these missing wavelengths are 
[A]à=bjd  [B]A-2PJd  [C]à=b?/3d | [D] A= 22234 
(v) Two equal пеше charge — are fixed at the points (0, a) and 
(0, "idi on the y-axis. A positive charge Q is released from rest 
at the point (2a, 0) on the x-axis, The charge O will 
[4] execute simple harmonic motion about the origin; 
[5] move to the origin and remain at rest; 
[C] move to infinity; 
ID] execute oscillatory but not simple harmonic motion. 
(vi) From the following equations pick out the possible nuclear fusion 
reactions: | 
[A] 5C3 FH! — &С!#++4.3 MeV 
[В] «C? --1H! + ;NP 4-2 MeV 
[C] ;N'4 +1Н! > 3015+7.3 MeV 
[D] 52U25 + on! => 34Xe!40 + 385194 ¥ ori! + on! + у +200 MeV 
(vii) In the Bohr model of the hydrogen atom 
[A] the radius of the nth orbit is proportional to 2; 
[B] the total energy of the electron in the nth orbit is inversely 
proportional to n; 
[C] the angular momentum of the electron in an orbit is an 
integral multiple of 4/27; 
[D] the magnitude of the potential energy of the electron in any 
orbit is greater than its kinetic energy. 
(viii) Select the correct statements from the following: 


[4] A diode can be used as a rectifier 
[B] A triode cannot be used as a rectifier 


[C] The current in a diode is always proportional to the applied 
voltage : 


% + 


[D] The linear portion of the 7— V characteristic of a triode is 


used for amplification without distortion. 
(ix) At room temperature, the rms speed of the molecules of a certain 
diatomic gas is found to be 1930 m/s. The gas is 
[4] H2 [В] F2 [С] О; [D] Cb. 


2. Read the following statements carefully. Indicate the sub-division 
» number and write down the matter corresponding to each blank 
strictly in the order in which it appears in the statement: 


2х10= 20 


Question Papers 3 


(i) The numerical value of the angular velocity of rotation of the 
earth should be ... rad/s in order to make the effective accelera- 
tion due to gravity equal to zero at the equator. 

(ii) A uniform cube of side a and mass т rests on a rough horizon- 
tal table. A horizontal force F is applied normal to one of the 
faces at a point that is directly above the centre of the face, at a 
height 3 a/4 above the base. The minimum value of F for which 
the cube begins to tip about an edge is .... (Assume that the cube 
does not slide.) 

(iii) A block of mass 1 kg lies on a horizontal surface in a truck. The 
coefficient. of static friction between the block and the surface is 
0.6. If the acceleration of the truck is 5 m/s?, the frictional force 
acting on the block 18... N. 

(iv) Four persons K, L, M, N are initially at the four corners of a 
square of side d. Each person now moves with a uniform speed 
vin such a way that K always moves directly towards L, L 
directly towards M, M directly towards N and N directly towards 
K. The four persons will meet at a time... 

(v) One mole of a monatomic ideal gas is mixed with one mole of'a 
diatomic ideal gas. The molar specific heat of the mixture at 
constant volume is ---. 

(vi) Sound waves of frequency 660 Hz fall normally on a perfectly 
reflecting wall. The. shortest distance from the wall at which the 
air particles have the maximum amplitude of vibration is .-. m. 


(vii) Five identical capacitor 
plates, each of area A, are 
arranged such that adja- 

T cent plates are at a dista- у 
nce d apart. The plates 
are connected to a source 
of emf V as shown in 
Fig. 1. The charge on 
plate 1... and that on 
plate 4 is .... i Fig. 1 


(viii) Figure 2 shows lines of constant potentialin a region in which 
an electric field is present. The values of the potential are 
written in brackets. Of the points A, B and C, the magnitude 
of the electric field is greatest at the point .:.. 


= ium repa 
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(ix) The maximum kinetic energy of electrons emitted in the photo- 
electric effect is linearly dependent on the ... of the incident 
radiation. 

(x) A neutron, a proton, an electron and an alpha particle enter a 
region of constant magne- 
tic field with equal veloci- 

' ties. The magnetic field is 
along the inward normal 
. to the plane of the paper. 
The tracks of the particles 
are labelled in Fig. 3. The 
electron follows track ... 
and the alpha particle Fig. 3 
follows track .... 


3. State whether the following are TRUE or FALSE. Give reasons in 
brief in support of your answers. Marks will be awarded only if the 
correct reosons are given: 2x6=12 


(i) A projectile fired from the ground follows a parabolic path. The 
- speed of the projectile is minimum at the top of its path. 

(ii) A simple pendulum with a bob of mass т swings with an angu- 
lar amplitude of 40*. When its angular displacement is 20^, the 
tension in the string is greater than mg cos 20°. 

(iii) It is possible to put an artificial satellite into orbit in such a way 
that it will always remain directly over New Delhi. 
(iv) The pulley arrangements 
of Fig. 4 (a) and (b) are 
identical. The mass of the 
rope is negligible. In Fig. 
4(a), the mass m is lifted 
by attaching amass 2 m 
to the other end of the 
rope. In Fig. 4(b), m is 


lifted up by pulling the | 
other end of the rope with . т 2m Fy Siete 
a constant downward force (a) w 
F=2 mg. 

The acceleration of m is Fig. 4 


the same in both cases. 

(у) A plane wave of sound travelling in air 1s incident upon a plane 
water surface. The angle of incidence is 60°. Assuming Snell’s law 
to be valid for sound waves, it follows that the sound wave will 
be refracted into the water away from the normal. 

(vi) The two slits in a Young’s double slit experiment are illuminated 
by two different sodium lamps emitting light of the same wave- . 
length. No interference pattern will be observed on the screen. 


PART B 


4. (a) Two bodies 4 and B of masses m and 2m respectively are placed 
ona smooth floor. They are connected by a spring. A third 


(Р) 


Calculate 
(i) the potential difference  bet- 
ween B and D; and 
(ii) the potential difference across 
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body C of mass m moves 

with a velocity vo along B 

the line joining 4 and c ^ 

B and collides elastically Mae ge A б 
with A, as shown in Fig. d 

5. Ata certain instant of 

time to after collision, it is Fig. 5 


found that the instan- \ 
taneous velocities of A and В are the same. Further, at this 


instant the compression of the spring is found to be xo. Determine 
(i) the common velocity of A and B at time to; and (ii) the spring 
constant. 6 

In the circuit shown in 
Fig. 6, E, F, G and 
H are cells of emf 2, 
1,3 and 1 volts respec- 
tively, and their internal 
resistances are 2, 1, 3 and 
1 2 repectively. 


the terminals of each of the ~ Fig. 6 
cells G and H. 6 
5. (a) A uniform rope of length 12 m and mass 6 kg hangs vertically 


(b) 


from a rigid support. A block of mass 2 kg is attached to the 
free end of the rope. A transverse pulse of wavelength 0.06 т is 
produced at the lower end of the rope. What is the wavelength 
of the pulse when it reaches the top of the rope? 6 
A plano-convex lens has a thickness of 4 cm. When placed on a 
horizontal table, with the curved surface in contact with it, the 
apparent depth of the bottom-most point of the lens is found to 
be 3 cm. If the lens is inverted such that the plane face is in 
contact with the table, the apparent depth of the centre of the 
plane face of the lens is found to be 25/8 cm. Find the focal 
length of the lens. 6 


6. (a) A particle of mass т = 1.6 x 10727 kg and charge q= 1.6 х 107? C 


enters a region of uniform 
magnetic field of strength 


1 T along the direction aide viia 
shown in Fig. 7. The speed har? X 
of the particle is 107 m/s. 
(i) The magnetic field is NER TK 
directed along the inward 
normal to the plane of the x X X 
paper. The particle leaves 
the region of the field at py FORE i 


the point F. Find the. dis- 
tance EF and the angle 0. 
(ii) If the direction of the 
magnetic field is along the 
outward normal to the Fig. 7 
plane of the paper, find 
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the time spent by the particle in the region of the magnetic field 
after entering it at E. 8 
(b) The ionization energy of a hydrogen-like Bohr atom is 4 ryd- 
bergs: (i) What is the wavelength of the radiation emitted when 
the electron jumps from the first excited state to the ground state? 
(ii) What is the radius of the first orbit for this atom? 5 


7. (a) A wooden plank of length 1 m and uniform cross-section is 
hinged at one end to the 
bottom of a tank as shown 
in Fig. 8. The tank is , 
filled with water up to a 
height of 0.5 m. The speci- 
fic gravity of the plank is 
0.5. Find the angle 6 that 
the plank makes with the 
vertical in the equilibrium 
position, [Exclude the case 6 = 0°.] 7 


OR 


(a) The rectangular box shown in Fig. 9 has a partition which can 
slide without friction along 
the length of the box. Ini- 
tially each of the two 
chambers of the box has 
one mole of a monatomic 
ideal gas (у= 5/3) at a 
pressure Po volume Vo and 
temperature 7o. The cham- Fig. 9 
ber on the left is slowly 
heated by an electric heater. The walls of the box and the parti- 
tion are thermally insulated. Heat loss through the lead wires of 
the heater is negligible. The gas in the left chamber expands, 
pushing the partition until the final pressure in both chambers 
becomes 243 Po/32. Determine (i) the final temperature of the 
gas in each chamber and (ii) the work done by the gas in the 
right chamber. 7 


(b) A steel wire of length 1 m, mass 0.1 kg and uniform cross-sectio- 
nal area 1076 m? is rigidly fixed at both ends. The temperature of 
the wire is lowered by 20°C. If transverse waves are set up by 
plucking the string in the middle, calculate the frequency of the 
fundamental mode of vibration. 6 


OR 


(b) А particle is projected at time t=0 from a point Р on the ground 
with a speed zo, at an angle of 45° to the horizontal. Find the 
magnitude and the direction of the angular momentum of the 
particle about the point P, at time г = »o/g. 6 


Question Papers ? 
CHEMISTRY 
TIME—3 Hours Maximum MARKS—100 


Note—(1) Attempt All questions. 


(2) You are advised not to spend more than sixty minutes in answer- 
ing Part A. 

(3) Answers to Part A must be given only an the first six. pages of | 
the answer-book in the order in which the questions appear in ' 
the question paper. 


Some Useful Data 
Planck's constant = 6.627 x 1072? erg s; Velocity of light = 3.0 x 1010 cm s71; 
Gas constant = 2.0 cal дер"! mol"! or 0.083 litre-atm deg"! mol"; 
Atomic weights: C = 12; H=1.00, Br=80; Na=23; 0-16. 


PART A 


1. Amongst the four alternate answers given for the sub-questions below 
one or more are correct. Write down all the correct answers. 


[Example—Solid sodium chloride is (4) ionic (B) brittle (C) non-con- 
ductor (D) covalent. Correct answer: A, B,C]. 


(i) An isotone of 16е is: 
(A) Ge (B) HAs. (C) Se, (D) 4Se x 


(ii) Many elements have non-integral atomic masses because: 
(A) they have isotopes (B) their isotopes have non-integral masses 
(C) their isotopes have different masses (D) the constituents, neu- 
trons, protons and electrons, combine to give fractional masses 

(iii) When alpha particles are sent through a thin metal foil, most of 
them go straight through the foil because: 
(A) alpha particles are much heavier than electrons (В) alpha parti- 
cles are positively charged (C) most part of the atom is empty 
space (D) alpha particles move with high velocity. 

(iv) When an ideal gas undergoes unrestrained expansion, no cooling 
occurs because the molecules: 
(A) are above the inversion temperatures (B) exert no attractive 
forces on each other (C) do work equal to the loss in kinetic energy 
(D) collide without loss of energy. 


(v) A catalyst: 


(A) increases the average. kinetic energy of reacting molecules (B) 
decreases the activation energy (C) alters the reaction mechanism 
(D) increases the frequency of collisions of reacting species 

(vi) For the gas phase reaction, i 


[Сон + H2 C2Hs(4H = —32.7 kca)] ` 
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carried out in a vessel, the equilibrium concentration of C2H4 can 
be increased by: 

(A) increasing the temperature (В) decreasing the pressure 

(C) removing some H2 (D) adding some C2H6 


(vii) Resonance structures of a molecule should have: 
(A) identical arrangements of atoms (В) nearly the same energy 
content (C) the same number of paired electrons (D) identical 
bonding , 
(viii) Base catalysed aldol condensation occurs with: 
(A) propionaldehyde (В) benzaldehyde (С) 2-Methyl propionalde- 
hyde (D) 2, 2-dimethyl propionaldehyde 
(ix) Which of the following compounds will give a yellow precipitate 
with iodine and alkali: 
(A) 2-hydroxy propane (B) acetophenone (C) methyl acetate (D) 
acetamide? 


(x) Which of the following compounds will react with ethanolic KCN: 
(A) ethyl chloride (В) acetyl chloride (C) chlorobenzene (D) benzal- 
dehyde. (1 x 10= 10) 

2. Amongst the four alternate answers given for the sub-questions below 
only one answer is correct. Indicate the correct answer: 


(i) The radiations from a naturally occurring radioactive substance, 
as seen after deflection by a magnetic field in one direction, are: 
(A) definitely alpha rays (В) definitely beta rays (C) both alpha 
and beta rays (D) either alpha or beta rays. 
(ii) The increasing order (lowest first) for the values of e/m (charge/ 
mass) for electron e, proton p, neutron п and alpha particle a is: 
_, (A) ерп, а (B) n, p, e, « (C) n, p, а, e (D) n, a, p, e 
(iii) On hybridization of one s and one p orbitals we get: 
(A) two mutually perpendicular orbitals (B) two orbitals at 180° 
(c) four orbitals directed tetrahedrally by (D) three orbitals in a 
plane 
(iv) Correct set of four quantum numbers for the valence (outermost) 
electron of rubidium (Z = 37) is: 
(A) 5, 0, 0,+4 (B) 5, 1, 0, +4 (С) 5, 1, 1, +4 (D) 6, 0, 0, +4. 
(v). Which electronic level would allow the hydrogen atom to absorb 
a photon but not to emit a photon? 


(4)3s  (B)2p (C)2s  (D)Is 


(vi) Equal weights of methane and hydrogen are mixed in an empty 
container at 25°C. The fraction of the total pressure exerted by 
hydrogen is: 


(412  (B)819 (С) 1/9 (р) 16/17 
(vii) А liquid is in equilibrium with its vapour at its boiling point. On 
the average, the molecules in the two phases have equal: 
si (A) inter-molecular forces (B) potential energy (D) kinetic energy 
(viii) Pure ammonia is placed in a vessel at a temperature where its 
dissociation constant (a) is appreciable. At equilibrium: 


(4) Kp does not change significantly with pressure (В) « does not 
change with pressure (C) concentration of NH3 does not change 
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with pressure (D) concentration of hydrogen is less than that of 
nitrogen 

(ix) Zinc-copper couple that can be used as a reducing agent is ob- 
tained by: 
(A) mixing zinc dust and copper gauze (B) coated zinc with copper 
(C) coating copper with zinc zinc (D) welding together zinc and 
copper wires 

(х) A solution containing one mole per litre each of С u(NO3)2, AgNOs, 
HegXNO3) and Mg(NDs)zis electrolysed using inert electrodes. 
standard electrode potentials in volts (reduction potentials) are: 
Ag/Agt = +0.80, 2Hg/Hg2* = +0.79, Cu/Cu?* = +0.34, 
Mg/Mg?* = — 2.37. With increasing voltage, the sequence of de- 
position of metals on the cathode will be: 
(A) Ag, Hg, Cu, Mg (В) Mg, Cu, Hg, Ag (С) Ag, Hg, Cu 
(D) Cu, Hg, Ag i 

(xi) The electric charge for electrode deposition of one gram equiva- 
lent of a substance is: 
(4) One-ampere for one second (B) 96,500 coulombs per second 
(C) one ampere for one hour (D) charge on one mole of electrons 

(xii) The hydration energy of Mg?* is greater than that of: 


(4)AP*  (B)Na* (С) Веё+  (DMg* 


(xiii) A certain buffer solution contains equal concentration of X- and 
HX. The Ks for X- is 10719, The pH of the buffer is: 


(04. (B7 (С)10 (р) 14 


(xiv) A certain weak acid has a dissociation constant of 1.0 x 1074. The 
equilibrium constant for its reaction with a strong base is: 
(A) 1.0 x 10-4 (В) 1.0 10719? (C) 1.0 x 101° (D) 1.0 x 1014 

(xv) The IUPAC name of the compound having the formula 


CH3 
n =CH2 
сн, 
is: 


(A) 3,3,3-trimethyl-I-propene (В) 1,1,1-trimethyl-2-propene 
(C) 3,3-dimethyl-1-butene (D) 2,2-dimethyl-3-butene 


(xvi) Baeyer's reagent is: 
(A) alkaline permanganate solution (B) acidified permanganate 
solution (C) neutral permanganate solution (D) aqueous bromine 
solution 

(xvii) An industrial method of preparation of methanol is: 
(A) catalytic reduction of carbon monoxide in presence of 
ZnO-Cr203 (B) by reacting methane with steam at 900°C with a 
nickel catalyst (C) by reducing formaldehyde with lithium alumi- 
nium hydride (D) by reacting formaldehyde with aqueous sodium 
hydroxide solution 
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" (xviii) When phenol is treated with excess bromine water, it gives: 
ie ы (В) о- and p-bromophenol (В) 2,4-dibromo- 
_ phenol (D) 2,4,6-tribromophenol. 
(xix) Carbylamine test is performed in alcoholic KOH by heating a 
mixture of: | i i 
(A) chloroform and silver powder (В) trihalogenated methane 
and a primary amine (C) an alkyl halide and a primary amine 
(D) an alkyl cyanide and a primary amine. 
(xx). Chlorobenzene can be prepared by reacting aniline with: 
^ (A) hydrochloric acid (В) cuprous chloride (C) chlorine in the 
presence of anhydrous aluminium chloride (D) nitrous acid follow- 
ed by heating with cuprous chloride. (1 x 20= 20) 
3. (a) Write the matched set (of three) for each entry in column А: 


(Example: Answer for nitric oxide is: nitric oxide-paramagnetic-air 


pollutant.) 

A B c 
Asbestos molecular sieve i air pollutant 
Fluorocarbons paramagnetic carcinogen 
Lithium metal refrigeration fluorescent paint 
Nitric oxide reducing agent electron donor 
Zeolites semiconductor ion exchanger 
Zinc oxide silicates of (Ca-- Mg) ‘propellent : (1х5 = 5) 


(6) Indicate if the following statements are true or false by writing T 


x Support your answer with reasons (in one or two sentences 
only): 


(i) In aqueous solution chlorine is a stronger oxidizing agent than 
fluorine. Ї 
(ii) Silver chloride is more soluble їп very concentrated sodium 
chloride solution than in pure water. 
(iii) If equilibrium constant for the reaction A2+B2=2AB, is К, 
then for the backward reaction AB=}42+}B2, the equili- 
brium constant is 1/K. 
(iv) The H—N—H bond angle in NH; is greater than the 
H—As—H bond angle in AsH3. 
(v) When a liquid and its vapour are in equilibrium and the pres- 
ss, Sure is suddenly decreased, cooling occurs. (1х5=5) 
4.. (a) One (ог two) words are heeded in the blank space to complete the 
following statements, Write those words only for each sub-question. 
[Example: Answer for (v) : В]: 
(i) Ahe ^u р. af one mole of an ideal monatomic gas at 
(ii) An element that can exist as a positive ion in acidic solution 
А and as a negative ion in basic solution is said to be.... 
(iii) The acidity of phenol is due to the...of its anion. 
(iv) If metal ions of group Ш are precipitated by NH4Cl and NH4OH 


without prior oxidation by сопс. HNOs...is not completely 
precipitated. 


(V) C,—C. for an ideal gas is... (1x424) 
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(b) Each of the following statements is true only under same specific 
conditions. Write the condition for each sub-question in not more 
than two sentences. (Example: Answer to (vii) is “gases are 
assumed ideal and P and T are constant”): 

(i) Two volatile and miscible liquids can be separated by frac- 
tional distillation into pure components. 
(ii) The heat energy k absorbed by a gas is 4H. 
(iii) Metals can be recovered from their ores by chemical methods. 
(iy) High purity metals can be obtained by zone refining method. 
(у) 2-Methyl propene can be converted into isobutyl bromide by 
hydrogen bromide. 
(vi) Ethyne and its derivatives will give white precipitate with 
ammoniacal silver nitrate solution. 
(vii) Equal volumes of gases contain equal number of moles. 
(1х6=6) 


PART В 


5. (a) The electron energy in hydrogen atom is given by E=(-21.7x 
10712)/n? ergs. Calculate the energy required to remove an electron 
completely from the n—2 orbit. What is the longest wavelength 
(in cm) of light that can be used to cause this transition? 


(b) Radioactive decay is a first order process. Radioactive carbon in 
wood sample decays with a half life of 5770 years. What is the 
rate constant (in years!) for the decay? What fraction would 
remain after 11540 years? 3 

(c) A solution contains a mixture of Ag* (0.10 M) and Hg3* (0.10 M) 
which are to be separated by selective precipitation. Calculate the 
maximum concentration of iodide ion at which one of them gets 
precipitated almost completely. What percentage of that metal ion 
is precipitated? [Kse: Ag 78.5 х 10717; Hg; —2.5 x 10—26] 4 

6. (а) Show with balanced equations what happens when the following 
are mixed: 
(i) aqueous solution of ferric sulphate and potassium iodide. 
(ii) aqueous solution of potassium manganate and acid. 
(iii) aqueous solution of potassium chromate and acid. (2x3=6) 
(b) State with equations, what happens when: 
(i) Chloral is heated with aqueous sodium hydroxide 


(ii) p-xylene is reacted with concentrated sulphuric acid and the 
resultant product is fused with KOH (2x2=4) 


7. (a) Write down the reactions involved in the preparation of the 
following using the reagents indicated against each in parentheses. 


(i) Ethyl benzene from benzene [C2HsOH, PCls, anhydrous 
AICI] 


(ii) Propionic anhydride from propionaldehyde | 
[AgNOs/NH40H, P205] 
(iii) Acetoxime from acetaldehyde [K2Cr207)H*, Са(ОН) and. 
NH;OH-HCI] (3х2=6) 
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(Б) Write structural formulae for all the isomeric alcohols having the 
| molecular formula СН 00. 1 
|| . (c) 2.68 x 10-3 moles of a solution containing an ion А" require 
. 1,61 X10-3 moles of MnO% for the oxidation of A*" to АО; in 

acid medium. What is the value of 7? 3 


Il 8. (а) A certain hydrocarbon A was found to contain 85.7 per cent 
| , carbon and 14.3 per cent hydrogen. This compound consumes 1 
| molar equivalent of hydrogen to give a saturated hydrocarbon B. 
| à 1.00 g of hydrocarbon A just decolourized 38.05 g of a 5 percent 
| х solution (by weight) of Brz in СС. Compound A, on oxidation 
with concentrated KMnO4, gave compound C (molecular formula 
C4HsO) and acetic acid. Compound C could easily be prepared 
| by the action of acidic aqueous mercuric sulphate on 2-butyne. 
| Determine the molecular formula of A and deduce the structures 
| of A, B and С. \ 5 


| (b) When 16.8 g of white solid X were heated, 4.4 р of acid gas 4 that 

| turned lime water milky was driven off together with 1.8 g of a 

| gas B which condensed to a colourless liquid. The solid that re- 

| mained, Y, dissolved in water to give an alkaline solution, which 

| with excess barium chloride solution gave a white precipitate Z. 
The precipitate effervesced with acid giving off cabondioxide. 

| Identify 4, В and Y and write down the equation for the thermal 
decomposition of X. 


| 9. (a) Given the following standard heats of reactions: 


| (i) heat of formation of water — 68.3 kcal, 
(ii) heat of combustion of acetylene — — 310.6 kcal, 


(iii) heat of combustion of ethylene = – 337.2 kcal, calculate the 
heat of reaction for the hydrogenation of acetylene at constant 
volume (25°С). 


(b) One mole of N2 and 3 moles of РС1» are placed in a 100 litre vessel 
heated to 227°C; The equilibrium pressure is 2.05 atmospheres. 
Assuming ideal behaviour, calculate the degree of dissociation 
for PCls and for the reaction: PCls(g)=PCla(g) + Cla(g). 6 


MATHEMATICS 


TIME—3 Hours MAXIMUM Marxs—100 


Note—(1) You are advised not to spend more than sixty minutes in answer- 
ing Part A. 

(2) Answers to part A must be given only on the first four pages of 
the answer-book in the order in which the questions and their 
parts appear in the question paper. 

(3) Use of Logarithmic and Trigonometric tables and Graph paper 
is NOT allowed. P Siu 
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PART A 


(Attempt ALL questions in this Part) 


1. There are five parts in this question. Four choices are given for each 
part and one of them is correct. Indicate your choice of the correct 
answer for each part in your answer-book by writing the letter, (A) 
(B), (C) or (D) whichever is appropriate. (10) 

(i) The locus of the mid-point of a chord of the circle x7+-y?=4 
which subtends a right angle at the origin is 


(A) х+у=2 (В) х2+у2=1 (С) х2#у2=2 (D) х+у=1 


y : 2 2 
(ii) The equation x el 7b Eel has 
(A) no root (B) one root (C) two equal roots (D) infinitely many 


roots 
(iii) lim а MB EN MES } is equal to 
n-»oo l-n 1—n? 1-m 
(40. (B-à (Cà (0) попе of these. 


(iv) Three identical dice are rolled. The probability that the same 
number will appear on each of them is 


1 1 1 3 
(A) 5 (В) 3c (С) % (D) 55 
(у) If a? + 02+ c? — 1, then ab + bc + ca lies in the interval 


(A) [, 2] (В) [71,2] (С)1—3, 11 (001—1, Hi 
2. There are five parts in this question. Each part has one or more than 
one correct answers. Indicate all correct answers for each part by 
writing the corresponding letters from (A), (B), (C), (D) intheanswer- · 
book: 


(i) If y -f6)- 


(A) x=f(y) (B) f(1)73 (C) y increases with x for x < 1 (D)f 
is a rational function of x. 


(ii) (1 +cos =\(1 + cos x) seo rJ t соз) is equal to 


т 1 14/2. 
(4) } (8) соз Oy (D) weg 


XT then 
x-1 


(iii) If x+ | y |=2y, then y asa function of x is 
(A) defined for all real x (B) continuous at x ^0 (C) differenti- 


able for all x- — (D) such that = for x <0 


(iv) If M and N are any two events, the probability that exactly one 
: of them occurs is 


(A) P(M)+P(N)—2P(MMN) (В) P(M) +P(N)-P(MNN) 
(C) P(M*)+ P(N‘) — 2P(MeNN®) (D)P(MA N’) +P(MNN): 
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(v) For real x, the function BEA) will assume all real values 


provided 
(Фа> Б> с (ba <b < с (Cha>c>b(Da<c<b 


3, This question contains five statements, each of which is either true or 


false, Indicate your choice of the answer in the answer-book by writ- 
ing TRUE or FALSE for each statement. 10 


@ Ifa<b<c<d, 
, then the roots of the equation 
(х—а)(х— с) +2(х— Ь)(х—4)=0 
are real and distinct. 


“© Gi) If the complex numbers Zi, Zz and Z3 represent the vertices of 


an equilateral triangle such that | Zı | = | Z2 | = | 23| 

_ then 21+2:+ 23 # 0. 

(iii) There exists a value of 0 between 0 and 27 that satisfies the 
equation sin 0 —2 sin? 0 — 1 = 0. 

(iv) For 0 < a < x, the minimum value of the function loga x + 

"c Togax is 2. 

(v) The points with position vectors a+b, a—b, and a+kb are colli- 
near for all real values of k. 


4. This question contains ten incomplete statements. Determine your 
answers to be inserted in the blanks so that the statements are com- 
plete. Write these answers only in your answer-book strictly in order 
in which the statements appear below: 20 

(i) The sum of integers from 1 to 100 that are divisible by 2 or Sis--. 


(ii) If the product of the roots of the equation x? — 3kx + Qerak— 1 = 0) 
is 7, then the roots are real for k = ғ... 


(iii) The system of equations 
Ax+y+z=0 
—x+Ay+z=0 
—x-yt-0 
will have a non-zero solution if real values of ^ are given Бу... 
(iv) The numerical value of tan b tani (2) t i is equal to... 


(у) If a, b and c are in A.P., then the straight line ax + by + c= 0 will 
И always pass through a fixed point whose coordinates аге (..., ...) 
(мї) A, В, С and Р, are four points in a plane with position vectors a, 
b, c and d respectively such that (a — d)*(b — c) =(b—d)-(c—a)=0. 
y» The point D, then, is the...of the triangle 4BC. 

(vii) The sides AB, BC and CA of a triangle ABC have 3, 4 and 5 
interior points respectively on them. The number of triangles that 

can be constructed using these interior points as vertices 15... 


(viii) The domain of the function f(x) = (ов) is given һу... 
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(ix) lim (1-х) tan =. 


(x) The lines 3x — 4y+4=0 and 6х—8у—7=0 are tangents to the 
same circle. The radius of this circle is... 


PART B 
(Question No. 5 in this Part is compulsory. Attempt any TEN questions © 
from the remaining FOURTEEN) 
5. (i) If 1, а, a2, ..., dn-1 are the n roots of unity, then show that 
(1—а)(1-а;)(1—аз)... (1- апл) =п 2 


(ii) Ifa > 0, b > 0 and с > 0, prove that 
1E THEN 
(а+Ь+с) (LH) 29 2 
(ii) If m isa natural number such that 
n= pf) p3 ps, e ЕЁ 


and pi, p2, «+, рк are distinct primes, then show that Inn К In 2. 
(iv) Find the values of x in (—7, 7) which satisfy the equation { 
81+ 1 сов х | +cos? x+cos? x 1... = 43 $ 2 


(у) A and В are two independent events. The probability that both 
A and B occur is 1/6 and the probability that neither of them 
occurs is 1/3. Find the probability of the occurrence of A. 2 


6. For a triangle ABC it is given that cos 4+ cos B+ cos C=3/2, prove 
that the triangle is equilateral. 4 


7. If p be a natural number then prove that p"*1+(p+ 1Y"-! is divisible 
by р2--р +1 for every positive integer n. 4 


8. Given sa=1+qt+q?+ --- +q" 
5,=1 +41 (ys ir «(ys Al 
prove that 
MAIC 4 rH Cas, Сз 2. Сп 2^ Sn { 4 
9. With usual notation, if їп а triangle ABC, 
bic. Cra ate. 
11 12 13. 
cos A _ cos B cos C RIA 4 


7 19 25 


10. Two equal sides of an isosceles triangle are given by the equations 
7х-у+3=0 and x * y -3-0 and its third side passes through the 
point (1, — 10). Determine the equation of the third side. 


then prove that 


16 Question Papers 


п. 


13. 


14. 


15. 


16. 


17. 


18. 


19, 


The abscissae of the two points 4 and В are the roots of the equation 
x2+2ax—b?=0 and their ordinates are the roots of the equation 
х2 4 2px—q?=0. Find the equation and the radius of the circle with 
AB as the diameter. 


‚ If a be a repeated root of a quadratic equation f(x) =0 and A(x), B(x), 


and C(x) be polynomials of degrees 3, 4 and 5 respectively, then show 
that 


A(x) B(x) С(х) 
Ala) Ba) Са) 
A'a Bia) Ca) 


is divisible by f(x), where prime denotes the derivative. 4 
Find the derivative with respect to x of the function 
EES 2. 
(logcos x sin 2)(og sin x COS x) + sin(a) at x= z 4 


Find the equation of the normal to the curve x?= 4y which passes 
through the point (1, 2). 5 
Find the coordinates of the point on the curve y= i z x where the 
tangent to the curve has the greatest slope. 
Evaluate the following: 
HA y anc is dx 
@ E М1—х? dx э (ii) х2(х4+ 1)34 4 


Find the area of the region bounded by the x-axis and the curves 
defined by 
т т 
= sio c <— 
y=tan x, з “< х 3 
= cot x Жы eet 4 
р , чо 


Give a function f(x) such that 


(i) it is integrable over every interval on the real line, and 
Gi) f(t +x) = f(x), for every x and a real ¢ then show that the integral 


att 
ү f(x) dx is independent of a. 


Ina certain city only two newspapers A and В are published. It is 
known that 25% of the city population reads A and 20% reads B 
while 8% reads both A and B. It is also known that 30% of those 
who read A but not B look into advertisements and 40% of those who 
read B but not A look into advertisements while 50% of those who 
read both A and B look into advertisements. What percentage of th 


t е 
population reads an advertisement? 4. 


”_ ЕР 


MODEL SOLUTIONS 


PHYSICS 


PART A 


Ans. 1, / 
й 1 
(i) [А] ПЕС, . [В] RIL, IC] Vie 


Gi) [C] 22 
Gii) [В] A9 ту0/2 


Gv) lla. d 


(v) [D] Execute oscillatory but not simple harmonic motion. 


(vi) [B] 6С!?+1Н! > 7N}34+2MeV 
[C] N +H! — 80" +7.3 MeV 


(vii) [A] The radi 
[С] The angu 

х h 

ral multiple of p 


[D] The magnitude of the potential ener 
orbit is greater than its kinetic energy 


roportional to л? 
lar momentum of the electron 1n an or 


gy of the’ electron in any 


(viii) [A] A diode can be used as a rectifier. 
[D] The linear portion of the FV characteristic of a triode is used 
for amplification without distortion 


(ix) [A] H2 
Ans. 2. 


G) 1.2% 10-3 
(ii) dmg 
(iii) 5 
(iv) 42 
(v) 4 cal deg mol"! or 2R or 16.6 J deg! mol! 
(vi) 1/8 
(vii) АУ  —2e9AV з KAV =KAV 
у хр and? 0 2nd 

(viii) B 

(ix) frequency 

(x) D, B 


us of the nth orbit is p | 
i bit is an integ- 
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Ans. 3. 

(i) True 
The sum of kinetic and potential energies is conserved throughout 
the parabolic path of the projectile. The vertical component of velo- 
city is zero and potential energy is maximum at the top of its path. 
Its kinetic energy and, therefore, its velocity is minimum at the top 
of its path. 

(ii) True 
The tension Т in the string 


of length r moving with velo- 
city v at angle б is given by: 


T=mg cos 0+ 


Referring to Fig. 10. for 
0=40°, v=0; For @=20°, 
Let 7(20°) be tension at 20° 

мо #0 
T(20°)— mg cos 20° 

ms 

PUETE БЕЛҮ Fig. 10 

T(20°) > mg cos 20° 
(iii) False 

In order to put an artificial satellite into an orbit such that it will 
always remain directly over a location, it should relate with the 
same time-period as that of the earth in the equilateral plane. As 


New Delhi does not lie on the equatorial pl i 
satellite cannot be used for New Delhi. uem 


(iv) False 

Let f be the acceleration in the case in Fig. 11 (a) 

T-mg=mf (i) 

2mg - T= 2mf Gi) ( 
Adding Eqs. (i) and (ii), 
mg = 3mf j T T 
or = 8/3 
Let f’ be the acceleration in 
the case in Fig. 11 (b) 
LI 14 99 2 
^ T'-2mg-0 8 3 
or T'-2mg 
Pg ea” Fig. 11 
| о. 2mg—mg ^ mf' 

or mg=mf',  ief'-g 


Acceleration in case (b) is greater than that in case (a). 
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(v) False 
The refractive index 7 of any medium is given by: 
ac Velocity of sound in air 
"= Velocity of sound in medium 


330 
(for water) 1400 ^ 0.235 


Let C be the critical angle such that the angle of refraction r is 
equal to 90°. Then 


snC . 
sin 90° ? ; 
ог C= sin-Y(1) = зїп^1(0.235) = 13.5" 


As the angle of incidence is 60° and exceeds the critical angle, the 
sound waves will be internally reflected in air, 


(vi) True 
No interference pattern will be observed on the screen as two 
sodium lamps emitting light of the same wavelength will not be 
coherent and will not have constant phase difference. 


PART B 


Ans. 4(a) 
(i) As body C of mass m collides elastically with body A of mass т, 
with velocity vo, velocity of A is equal to vo. 
Let » be common velocity of A as wellas B (Fig. 12) after collision. 
Then conservation of momentum requires that 


тоо = mv + 2mo 
or vo = 3v ; 
B 
e د ا‎ | 
[m | [m Joe 
Fig, 12 


Common velocity of А and B at time /0=2= = 
(ii) Initial energy = inn 
Let k be the spring constant. 
Final energy = Imo +ую% + (am? 
" E 2 zl 2 e 2 4 2 
As energy must be conserved: mu 7 ym" 2 кх} ty Qm)» 


or mii - mi? kxó4 2m? 
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үг жый. ee eee 0E —— : 1 
| 


3те 
кху= mog—3mv?= mug — сен 
die pp atin 
та 
2т 


or Spring constant k = 32 


Ans. 4(b) 
Let iı be the current flowing from B to A and 4 to D in the anti-clock- 

wise direction (Fig. 13), Let i2 be 

the current flowing from D to C and 2۷,20 

C to B in the anti-clockwise direction. 

Let із be current flowing from D to 

B. Therefore, according to Kir- 

chhoff’s law, at point D 


ij2itis 
or й i27 i 
Applying Kirchhoff's law to mesh 
ABD: 


2i lit2(-i)-22-1-71 
or 5i1-2i271 (i) 
For the mesh DCB: 
3зю+1һ—2(й—1›)=3—1=2 
ог 6i2- 211 =2 (ii) 
Multiplying Eq. (i) by 3, 


А 154-6 = 3 (iii) 
Adding Eqs. (ii) and (iii), 
13й=5 
5 
ог EE 
h 13 A 


Substituting the value of iı in Eq. (ii), 


62-2 × =2 
or 6i2=2+ oh 
or ae A 
The current through DB = iı — = An" - 5 A 
„7. Potential difference between D and В=2х – = E E V 


or Potential difference between 8 and D= = ү 
13 


| 


| 
| 
| 
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Potential difference across the terminals of G = 3= 5 x3 


21 
“av 
6 


Potential difference across the terminals of H=1+ 13 х1 -5 V 
Ans. 5(a) 


If m is the mass per unit length of the rope and T the tension at any 
point, the velocity д of the wave is given by 


Iz 
t= fs 
m 


The tension at the lower end of the rope = 2g №. 
Let v be the frequency of the transverse pulse, 


PES 
~vx0.06= [28 
m 
21 [28 
a "7 0:064 т 


| The tension at the upper end of the горе is equal to (2+6)g 78g N. 
| Let А be the new wavelength and »' the new velocity of the wave when 
it reaches the top of the rope. 


v =y) = 2 
m 


м2 1 [%Е 

y m 
=0.06 [Mx [88 
2g m 

=0.12 m 


Ans. 5(b) 

Let (Fig. 14) О, Zand C be the respective positions of object, image 
and centre of plane face of the lens. When the plano-convex lens is placed 
with its curved surface in contact with horizontal table, refractive index, 


AC ш Real thickness __ 4 
IC Apparent thickness 3 
c 
! Е / | oft 
0 
Fig. 14 T 


When the plano-convex lens is placed with its plane face in contact with 
бе. table (Fig. 15), the distance of the object O' from middle point C’, 
О'С'=и= +4 cm. 


Аес w- (0 я 


ree ч с С -—  OGEMESSERNNEN 
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2 2 3mvo 
Кх2= тод 3m? = mu — 9 
=. За 
3 0 


2 
2mvo 


or Spring constant k = Зх 


Ans. 4(b) 


Let iı be the current flowing from В to A and A to D in the anti-clock- 
wise direction (Fig. 13). Let i2 be 
the current flowing from D to C and 2۷,20 
C to B in the anti-clockwise direction. 
Let i3 be current flowing from D to 
B. Therefore, according to Kir- 
chhoff’s law, at point D 


i2 iatis 
or i— i27 is 


Applying Kirchhoff's law to mesh 
ABD: 


2i + lint 2(i1 — i2)=2-1=1 
or 5i1—-2i2= 1 (i) 
For the mesh DCB: 
3р+1һ—2(й—1)=3—1=2 
ог 6i2— 21 =2 (ii) 
Multiplying Eq. (i) by 3, 


| 15i1—6i2 =3 (iii) 
Adding Eqs. (ii) and (iii), 
13й=5 
5 
or BAR 
i 13 A 


Substituting the value of i1 in Eq. (ii), 


65-22-72 
or 6 24 10-39 
or i= 5 A 
The current through DB = i — i= Ache - is A 
^. Potential difference between D and B-2x — i = i V 


or Potential difference between 8 and دد‎ ү 


(muc eara i nl dtu‏ عجر حجن کے ایر 


= —M——À 
adminim o i چ چیم ری ےی ری‎ nian 
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Potential difference across the terminals of G —3— 5 x3 


Potential difference across the terminals of H=1 +5 х1 =5 V 


Ans. 5(a) 


If m is the mass per unit length of the rope and Т the tension at any 
point, the velocity » of the wave is given by 


"E 

v= [= 

m 

The tension at the lower end of the rope = 22 N. 
Let v be the frequency of the transverse pulse, 


PED 
=vx0.06= [28 
m 
£5 NES 
s “= 0.06 | m 


The tension at the upper end of the rope is equal to (2+6)g = 8g N. 
Let А be the new wavelength and о’ the new velocity of. the wave when 
it reaches the top of the rope. i 


и =v = 8g 
4 m 
vel |8 
vam 
- [x [88 
2g m 


= 0.12 m 
Ans. 5(b) 


Let (Fig. 14) О, Zand C be the respective positions of object, image 
and centre of plane face of the lens. When the plano-convex lens is placed 
with its curved surface in contact with horizontal table, refractive index, 


OC _ Real thickness ^ 4 


Л = С ~ Apparent thickness 3. 
c 


o 
Fig. 14 


When the plano-convex lens is placed with its plane face in contact with 
the table (Fig. 15), the distance of the object O' from middle point C', 
О'С'=и= +4 ст. 
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14 „к! 25 
The distance of image, I’ from С’, I’C’=v= -.m 
c 


уак 


Fig. 15 


Let R he the radius of curvature of the curved surface. Therefore, 


EE 
К" К 
Scl 
Erst. 
3 705983x4 ^. OR 
M uu 
c 3R 3). 25. 75 
ie. R=25 cm. 
Let f be the focal length of the lens. 
1 D b 
TI ERE 
Кі = 0, R27 25 cm 
Jo DE (5) == 
y rw 25] 75 
or f=15 ст 
Ans. 6(a) 


(i) m=1.6 x 10-27 kg 
q=1.6 x10- C 
B=1T 
v= 107 ms“! 


If the direction of the magnetic 
field is directed along the in- 
ward normal to the plane of 
the paper, the path of the 
particle will be an arc as shown 
in Fig. 16, of a circle of 
radius ОЕ= R. У 

-. AE is tangential to the arc 

and / OEA=90° 


4 LCOE=45° 
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Also BFis a tangent to the arc CF at point F. 
3 Z BFD=0=45° 


Also L Foc=45° 
(As the angle between lines DF and FB is equal to angle between then 
perpendiculars) : 
e EF=2R cos 45° 
то 
where R= TA 
_ 1.6% 10-27 x 107 
1.6x 10-9 x 1 
i =107!=0.1 т 
1 
ог EF-2x0.1x EX 
20.141 m 


(ii) If the direction of the magnetic field is directed along the outward 


normal to the paper the path 
| EGH of the particle in the 
region of the magnetic field 
| willbe a circular one in the 
clockwise direction with radius 
R as shown in Fig. 17. 


Z EO'H-90* 


| as radii O'E and O'H ате рег- 
pendicular to the respective 
tangents drawn at points E 
and H. 


Length of arc 


| EGH=20R- 7% 
2 
і 37R Fig. 17 
2 
Time spent by particle along arc EGH in the magnetic field 
= з 37R 
2v 
2 3x22x0.1 
7x2x107 
74.71 X 107? s. 
Ans. 6(b) 
The ionization energy E of a hydrogen-like Bohr atom of charge Z is 
given by: 
Es RZ = 272k? Z?me* 


nh i 


24 Model Solutions 
where Rydberg constant 
_ anime 
nh? 
=2.2 x 10-185 
As ionization energy 
E=4 Rydberg 
=4 К 
| S 4R= RZ? 
| ог Z=2, 


(i) Energy of radiation emitted E when the electron jumps from the first 
excited state to the ground state is given by: 


1 1 
Е-В (5) 


1 
= 4n( Is +) 
=3R 
" =3X2,2x 10-8 J 
or |» -E-26.6—10718 J 
-'. wavelength of the radiation emitted, 


VIC 


_.6.6 x 1074 x 3 x 108 , 
6.6 x 10-18 


=3х 10-8 cm. 
(ii) Radius of the first Bohr orbit 


= Bohr radius of hydrogen atom 
Z 


5x 10-1 
= Ed 2 — m 
= 2,5х 10-1 m 
Ans. 7(a) 
Let L be the length, d the specific-gravity and a the area of cross-section 


| of the plank. The gravitational force Fi acting downwards at a distance 
I AG = L/2 from the hinge is given by (Fig. 18): 


Fi-aL dg 


Let / be the length of the plank in water. The buoyant force F, acting 
| upwards at a distance AC=//2 from the hinge is given by: 
Р=аі dig 


where di is the density of water. 


| 
1 
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Torque on the plank due to gravitational force = aL dg L/2 sin 0 


Torque on the plank due to buoyant 
force = al dig 1/2 sin 0. 
Since the plank is in equilibrium: 


al dg sin 0—al dig-; sin 6 


or 124= ld; 
or ler J 4 aix V05 
1 
=V 0.5 
GR. MN s Fig. 18 
cos 0= 7774703 V0.5 18 
gai- 
V2 

i.e. 0=45°, 
Alternative 
Ans. 7(a) 


As the walls of the box and the partition are heated, the change is adia- 
batic when the pressure increases on the right side. 


0222272227227 


Я И 
a 
2, И Vi PaTa 
Й 
ar a AD A ЖАРАЛА. 


(i) Let P1, V1 and 71 be the new pressure, volume and temperature res- 
pectively of the right chamber (Fig. 19). 
.'. Under adiabatic conditions of change 


PoVo=PiVi 


Po, rez 


_ 243 

12/32 
P2 

Povs= 22. povi 


2 
or Vi- 22и 


Р 


32 yr 
or n=(32,) Vo 
"32 V Ерис 
n (s Yo (5) Vor 23o 
Also TVS = ТИ! 
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Vo 5/3-1 
8/27 Vo ) o 


г. Final temperature of gas 


(ii) Work done by the gas in the right chamber 


243 
PoVo- Pils _ Fore (22 327 
r-1 ; 


15 
= 


The negative sign indicates that the work is done on the gas. 
Ans. 7(b) 


If T is the tension in the wire of mass m per unit length, the velocity v of 


transverse waves is given by: 


o= fZ, m=0.1 kg/m 


The decrease in length of the wire if the temperature decreases by 
20°C = AL- a(Ti - Т) 
=1.21х10-5 x 20 
= 2.42 x 10-4 m 


AS _ Stress _ Tension 
strain 
area x AL. 


"Tension, T=Yxareax AL 


=2 x 1011 x 1076x 2.42 x 10-4 
= 48.4 N 


= —— = 4/484 =22 m/s 


For fundamental mode of JT L=))2 


v v 
xta 
2:22 

2x1 


711 cycles/s 


—n = 


oe 
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| Alternative 


Ans. 7(b) 

Referring to Fig. 20 let 
particle after time t be (x, 
velocity V. 

The rectangular compon: 
are: 


P be the origin (0, 0) and the coordinates of the 
y) when it reaches Q at a distancer with resultant 


ents Vz, Vy of velocity V along the x- and y-axes 


Y 


Fig. 20 


х= vo cos 45° 
V, — vo sin 45° — gt 
The coordinates (x, y) of point О after time ¢ аге given by: 
х= vot cos 45° : 
y — vot sin 45° — gt? 
Angular momentum of particle Q(x, y) about point P(0, 0) 


= mVyx —mVxy 
= m(vo sin 45^ — gt) vot cos 45° — тро cos 45° (vot sin 45^ — igi?) 


= түф sin 45° cos 45^ — vogt? cos 45° — vit sin 45° cos 45° 


+ 400802 cos 45°] 
á cel, 2 E 86 т | (: ->) 
"| z vost cos 45 | 2/3 EIS ^ 
2 
s m ni 
A2 ^£ 


1 
2/2 8 
Magnitude of angular momentum of the particle about point P 


Lol m 
2/2 & 


The direction of angular momentum will be mutually perpendicular to 
distance r and momentum vector. The direction will be along the inward 


normal to the plane (©) of the paper. 


ааа 
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CHEMISTRY 


PART A 


Ans. 1 
(i) (В) HAs, (D) 345e | 
(ii) (A) they have isotopes, (С) their isotopes have different masses 
(iii) (A) alpha particles are much heavier than électrons, (C) most part 
of the atom is empty space 
(iv) (B) exert no attractive forces on each other ^ 
(v) decreases the activation energy, (C) alters the reaction mechanism 
(vi) (4) increasing the temperature, (B) decreasing the pressure, (C) 
removing some Hz, (D) adding some С.Н; 
(vii) (4) identical arrangement of atoms, (5) nearly 
content, (C) the same number of paired electrons 
(viii) (4) propionaldehyde, (C) 2-methyl propionaldehyde 
(ix) (4) 2-hydroxy propane, (В) acetophenone 
(x) (A) ethyl chloride, (D) benzaldehyde. 
Ans. 2 


(i) (D) either alpha or beta гауѕ 
(ii) (D) n, & p, e 
(iii) (B) two orbitals at 180° 
(iv) (4) 5, 0, 0, +4 
(у) (D) Is 
(vi) (В) 8/9 
(vii) (D) Kinetic energy . 
(viii) (4) Kp does not change significantly with pressure 
(ix) (B) Coating zinc with copper 
(x) (C) Ag, Hg, Cu 
(xi) (D) charge on one mole of electrons 
(xii) (B) Na* 
(xiii) (4) 4 
(xiv) (C) 1.0 x 1010 
(xv) (C) 3, 3-dimethyl-1-butene 
(xvi) (C) neutral permanganate solution 


(xvii) (4) catalytic reduction of carbon monoxide in the presence of 
ZnO-Cr;O; 


(xviii) (D) 2, 4, 6-tribromophenol 
(xix) (В) trihalogenated methane and a primary amine 
(xx) (D) nitrous acid followed by heating with cuprous chloride. 
Ans, 3(a) 
Asbestos—silicates of (Ca+Mg)—carcinogen 
Fluorocarbons—refrigeration—propellent 
Nitric oxide—paramagnetic—air pollutant 


N 


the same energy 


Model Solutions 29 


Lithium metal—reducing agent—electron donor 
Zeolites—molecular sieve—ion exchanger 
Zinc oxide—semiconductor—fluorescent paint 
Ans. 3(b) y 
(i) False 
Because the hydration energy of F- is more. 
(ii) True 


It is because silver chloride undergoes complex formation in very 
concentrated sodium chloride solution. 


(iii) False 
AP!" for the forward reaction 
"4,11127 Bo12 4 
K'= Vr for the backward reaction 


[432] _ 1. 
[AB] K 


1 1 
| ИД. Do e. 
| Clearly K'# K but (K’) К. 


ог (К)? = 


(iv) True 
[t is because in NH3, there is sp? hybridization whereas no hybridi- 
zation occurs in AsHs. 

(v) True í 
Because the liquid absorbs internal energy when it evaporates, 
therefore, the temperature of the liquid falls. 


Ans. 4(a) 
(i) 900 (ii) amphoteric 
(iii) resonance stabilization (iv) Fe?* ion 
(v) R 

Ans. 4(b) 


(i) provided they do not form azeotropes 
(ii) when pressure is kept constant i 
(iii) provided a reducing agent is used = 
(iv) if the impurity has lower melting point | 
(у) if any peroxide is present 
(vi) provided some replaceable acidic hydrogen can be used 


1t { {‹ 


РАВТ В 


- Ans. 5(a) ipt n 
Energy of an electron in the n'" orbit of hydrogen atom is given by: 


` E=—21.7x 10-2 x ergs 
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5 4E= —217х 1079(7, - a) 


1 
-— IM. 
21.7 x 1012 x — 


= —5.42x 10-! ergs 

But AE- hv, where h is Planck’s constant and v frequency of the radiation 
or | 4E | = 

AME ЙС. 

aT ТАРТ 
= 6.627 x 107? x 3 x 1010 
5.42 x 10712 

= 3.67 X 1075 cm 

Ans. 5(b) 


Half-life of the wood sample, /1/2= 5770 years. Since the radioactive 


decay is a first order process, half-life is treated with the radioactive (rate) 
constant given by: 


à= 0693 _ 0.693 
ty2 5770 
=1.2 10-4 year-! 
After 5770 years only half of the given sample will be left and after another 
5770 years i x + of the given sample is left, i.e, 25% of the original sample ' 
will be left. 
Ans. 5(c) 
Ksp for Agl=8.5 х 10-17 
Кр for Hgh = 2.5 x 10-26 


Since the mixture contains Ag* (0.1 M) and Hg3*(0.1 M), therefore, [I-] 
required to fully precipitate Agl 


_ 8.5% 10-17 


а —16 
0:1 8.5x 10-16 M 
Similarly, [I7] required to precipitate Нр212 
[2:5 10-2 


= 1—13 
01 5.0x10-15M 


First of all, AgI will be precipitated and larger preci itation of AgI b 
obtained if more amount of Г is метот with AgI Heals wil 


lien — 50x10 
=1.7x 104M 
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-4 
Percentage of [Ag*] which is left = ae! a x 100 


=0.17% 
г. Percentage of Ag* precipitated = (100 — 0.17) 
= 99.83% 
Ans. 6(a) 
The correct balanced equations are given by: 
(i) FeXSO4)s (aq.) + 2KI (aq.) > 2FeSOs + K2804 +12 
(ii) 3К2МпО, (aq.) -4H* > 2KMnO4 + MnO2+ 2H20  4K* 
(iii) 2K2CrO« (aq.) + 2H* > K2Cr207+H20+2Kt 


о 
ag. NaOH 1 oe 
(A) CChCHO ————- СНСІз+Н - C—ONa 
СНз СНз СНз 
Conc. H,SO, S Fused KOH AA 
| Г “возн | 
CHs CHs CH3 


Ans. (7a) 
(i) C2HsOH + PCls > C2HsCl 


Anhydrous AICI; 
CH;sCl+ (ан 


о 
AgNO,/NH,OH 4 
(ii) CH3CH2CHO — — > CH3—CH2—C 
N 
OH 
Ps ) о 
P40; 7 
CH;—CH;—C ——> CH;—CH;—C 
Ne Heat Ne 
OH CH3—CH3—O 
б 
c 
by 
о 
о о 
E / — K,Cr,0,/H® / 
(iii) CH3—C —————> CH;—C 


B^ 
H OH 
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о 
/ Саон), 


CH3—C ———> Ca(CH3COO)2 
OH 
СНз 
Heat P 
Ca(CH3COO)2 —- CH;—C 
[0] 


NH20H-HCI+(CH3)2C = О > (CH3)2C = N— OH 
Ans. 7(b) 


CH3 
vA 
1. CHs—C . —OH 
N 
CH3 


CH; H 
Xl 
© 2 __ C—CH30H 
rl 


сњ 
3. СНз.СН>2. CH2: CH20H 
4. CH3-CH2:CH-CH3 
бн 

Ans. 7(с) 

As in acidic medium, A"* is oxidized to AO; , the change in the oxida- 
tion state from (+5) to (—n) is given by: (5-7) 
| 7. The total number of electrons that have been given out during the oxida- 
| tion of 2.68 x 10-3 moles of A"* is given by: 2.68 x 10-3 x (5— n) 

Thus the number of electrons added to reduce 1.61 x 10-3 moles of 
MnO; to Mn, i.e. (+7) to (+2) is given by: 


А. 


1.61 x 1073 x 5 
Ws 1.61 x 1073 x 522.68 x 10-3 x (5—-n) 
LOIS 
T "~~ 2.68 
>) == 806 
P ү n=5 268 
538 
268—2 
Ans, 8(a) 


% of C=85.7 


number of C atoms = 57 = 7,14 
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Similarly, number of Н atoms = E = 14.3 
Atomic ratio C :Н is 7.14 : 14.3 
or C:His1:2 
7. Empirical formula is CH». 
As the hydrocarbon consumes 1 molar equivalent or hydrogen, it comprises 
one double bond. 
1 g of A consumes 059 g of Br? 
or 160 g of Brz (1 mole of Br?) is consumed by 
160 x 100 
38.05x5 8 
=84.0g of A 
Molecular weight of A=84.0 g 
or Molecular formula of A is CeHia. 
As A reacts with KMnO4, therefore, 
A--KMnO, -> C+CH3COOH . 


and C is produced by the reaction: . 
H;0/H* 
CH3—C=C—CH3 ——-— CH;—C—CH?—CH; 
Нв50, 1 
о 


Since the molecular formula of C is CsHgO, C must be 
CH3—C—CH2—CH3 
П 
о 
«`. Molecular formula for A is given by: 
CH3—CH2—C = CH—CH; 
| 
СНз 
As A-- H2 — B, therefore, В is CH3— CHz— T - CH2- СНз 
CH3 
Ans. 8(b) 
According to the given information: 


Heat 
X (solid) —-—- A (gas) + B (vapour i) 
16.8g {es ( Vy ) ? ‘ 


A must be CO» as it turns lime water milky, Since the dissolved residue 
gives the test for CO7, therefore, the given solid is either МСОз or M2CO3. 
Moreover, when X is heated it yields a carbonate and CO». Therefore, it 
must be a bicarbonate. Since it is quite consistent with the relative masses 
of A and B, B must be water. 


2MHCO; — CO2+H20 + M2CO3 - (i) 


"m 
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Since 2 x 1/10 moles of the bicarbonate yields 1/10 moles of H20 as is 
clear from Eq. (i), the molecular weight of X will be equal to: 3 


10. 
16.8 x= 84 


A M 461-784, 
where M is atomic weight of the metal 
or М = 84— 61 
=23 
Thus М is Na and the given salt Х is NaHCOs. 
Ans. 9(a) 
The equations involving heats of reactions can be written as: 
(a) Ha(g)+1/202(g) > H20(1), 4H = — 68.3 kcal (i) 
(b) CoHo(g) + 5/202(g) > Н20(1) +2CO2(g), 4H = — 310.6 kcal (ii) 
(c) C2H«(g) +302(g) > 2H20(1) + 2COx(g), 4H  — 337.2 kcal (iii) 
By Subtracting Eq. (iii) from sum of Eqs. (i) and (ii), we get: 
C2H2(g) + H2(g) > CoHa(g), 4H = — (310.6 +68.3— 337.2) 
= —41.7 kcal 
AE the heat of reaction for the hydrogenation of acetylene at constant 
volume is given by: 
AE=4H-—4nRT 
2. moles of the product — moles of the reactant 
=An=1-(1+1)=-1 
or ДЕ= –41.7+2 x (273+25) x 10-3 
= —41.7+2 x298 х 10-3 
= —41.7+0.596 
= — 41.104 kcal 
Ans, 9(b) 
Dissociation of PCls can be written as: 


PCls(g) > PCls(g) + Cla(g) 
If x is the degree of dissociation, we have 


Initially : 3 0 0 
At equilibrium: 3(1— x) 3x 3x 
г. Total number of moles at equilibrium = 3(1 — x) + 3x + 3x 
= 3(1+ x) 
Using the gas equation: 
PV=nRT 
ae a 
or n= Т 
_ 2.05 x 100 
0.082 x 500 


-5. 
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3(1+x)+1l=n=5 

=х= 0.333 
Thus the percentage of dissociation of РС1» is 33.3%. 
(ii) Kp for the above reaction can be written as: 


[PCls][Cl2] 
[PCls] 


K 3xP ] 3xP | 
3(1+x)+1 [+ (1+х) 
[ao ЕР 
3(1+х) +1 
ro K= 9 1P 
2+8х^ 3(1—x) 
Substituting x ^ 1/3 and P = 2.05 atm, we get: 


к= 3x2 x 2.05 
P Ur RD 


3x x205 


qni n (e»1)0-) 


-203 =0.205 


Kp= 


MATHEMATICS 
PARTA 


Ans. 1 
(i) (С) х2+у2=2 
(ii) (A) no root 


(ii) (B) -7 

j 1 

(iv) (B) 36 
væla © [= 3: 1| 

Ans. 2 

(i) (A) x=f(y); (D) fis a rational function of x 
ш) (C) 3 

(iii) (4) defined for all real x; (B) continuous at x =0; (D) differentiable 

for all x 


36 Model Solutions 


(iv) (4) P(M) + P(N) -2P(M Y N) 
(C) P(M*) + P(N*) - 2P(M* №) 


(D) Р(МП N9) + P/M* №) 
(у) (С)а>с>Ь 
(руа<с<Ь 
` Ans. 3 
(i) True (ii) False 
(iii) False (iv) False 
(v) True 
Ans. 4 
(i) 3050 (ii) K=2 
(iii) A=0 (iv) ( S 
(у) (1, -2) (vi) orthocentre 
(vii) 205 (viii) [-2, —1] UI], 2] 
(ix) 2 w 3 
PART B 
Ans. 5 (i) 


As 1, a1, 22, -- , An~; are the п roots of unity, we get: 
x" = (х— 1)(х- ay)(x—a2)--.(x—an_})=0 

or (х= а)(х-– аз) ..- (х-ал-у)= zi 

. (mtd ym] 
Putting х= 1 on both sides, we get: 

(1—а)(1— aj ... (1- апл) =п 

Ans. 5 (ii) ; 

Аз а > 0, b >0andc > 0 and ari 
to geometric, mean, we get: 


atb4c 
3 


thmetic mean is greater than or equal 


2 (abo)! (i) 


As 1/a, 1/b and 1/с are positive integers, their arithmetic mean is greater 
than or equal to their geometric mean. Therefore, 


1 1 1 
ЖО СЫЗЫ > (L.4 1)" 
3 a b c 
LEES лү? :. 
“(тет+т) >з) Gi) 


Multiplying Equations (i) and (ii), we get: 


Madey 
(Hber +4) 29 
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Ans. 5 (iii) 
It is given that for each value of i, 
а Z l, piZ 2 


n= Bit DE pg ipi 


Taking log of both sides, we get: ; 
-log п = а1 log pı +a2 log р: аз log p3+--- ¥ ak log рк 
k 
= D ai log pi 
> (а +а+аз+ ...+ак) 1092 С. а 
> К 1092 
logn > К log2 


> 1 and p; > 2) 


Ans. 5 (iv) 
Consider the equation: А 
ga 1 cos x | +cos? x+ | cos? x | Tej = 43 (i) 
=> 23(1+ | cos x | cos? x+ | cos? x | +...) = 26 
= 1+| cos x | +cos? x+] cos? x|+--.=2 
PRI. Atos 
1—]| cos x | 


кә 


= 1-|cosx| = 
1 


= | cos x|-1-5- 2 
uou TAN pet БП. 
pO SAR E ati 
Thus the values of x in (= 7, т) which satisfy the given equation (1) are 
т 2T 

+7 апі i^ 
Ans. 5 (v) 
P(AB)- X and P(4°2)= 


1 2 
=> P(AUB)= E 


But 
P(AU В)= P(A) + P(B) 
1E 25 


qi Yr dad VÉ 


О 2" 93 
As A and B are independent events, 
P (4B)- P(A) P(B)- —- 


Thus we have two equations: 
P(A) - P(B)- > 


(i) 


еМ A 
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P(A)P(B) = 


Solving these equations we get: 
P(A)— P(B)=[P(A) + P(B)? - 4 P(A) P(B) 
i 25 1 
28 = 36 -4х 16. 
1 
736 
or P(A)- P(B)= +4 


P(A)+ PB) 2 
P(A)- FB) - 1. 


or PA= 
Again, 
Р(А)+Р(В)= 2. 


P(A)—P(B) = -4 


3 1 
or Р(4)= -4- 
Thus the values of P(A) are or T 
Ans. 6 — 
As A, B and C are the angles of a triangle, 
А+В+С=т 
cos 4 +соѕ B+cos C = 3/2 
S 2 cos4 B | A-B 


3 
Ree EO tena COSC 


. C А-В 3-2cosC 
> 2 sin > cos —5— ne ar 


ү, FARE ЕВ. sin | 


2 2 


_ 14+2(1-cos C) 
2 


1+2 x 2 sinê Č 
2 
2 
144 int C. 
SRS 2 
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Seg D A-B С 
ог 4 sin 2 cos a = 1 +4 sin 2 
C 
Be yee 
ТАЕ 2 
? A dee 
2 
e nC aic 
2€ x الا‎ д 
BL. 2 +4sin €) 4sin> 
4 sin > 
ALI: А 
4 sin 2. 


4 sin 7 


Since half of any angle in a triangle is always acute, the R.H.S. is greater 
than one only when [ 2 


1-2 sin =0 (i) 
= cos 4 Bu} (ii) 


From Eq. (i) sin E 1= sin 30° 
or C=60°. Therefore, A+ B= 120° 


From Eq. (ii) 4-2-0 or A= B=60° 


Thus the given triangle is an equilateral triangle. 


Ans. 7 
We shall prove it by the method of induction. 
Let f(n) =p"! +(p+ yrat (i) 
For п=1 
А) = ph Q7 
ог 1) =р+р+і1 (ii) 


It is divisible by p?+p+1. 
Let ws assume the given expression to be true for any arbitrary value of 


(п+1). 
2. Дия) =p™?+(p+ 1) 
ep: prio (p+ 19 (qp D* 


40 Model Solutions 
= рур" (p 1)! -(p?+2p+1) 
= pp" + (p + 192771] + (p?4- p - 1)(p 4- 1)! 
=p:f(n)+ (p * p 1): (p 1n? (iii) 
It shows that if f(n) is divisible by (p?+p+1), /(n+1) is also divisible by 
(p?+p+1). 
Equation (ii) shows that f(1) is divisible by (p?-- p+ 1). 
.. Equation (iii) shows that f(2)=f(1+ 1) is also divisible by (p?+p+1). 
Thus f(a) is divisible by (p+ p +1) for every positive integer п. 
Ans. 8 


Given that Sn=1+q+q?+...+q" 
ntl 
"nx - 
q—1 
Y "t 1 n ti qi! 1 
j=0 jah, TiS j+t а, 
1 [5 a UT Ww ] 
“q-1 Lis jut E jH 


= Ha +4) )- gn iy 


ES Tu [a +g) он 
п ntl a 
C sod tg qme 
=0 Јн 4—1 
1+4 nti "t 
р 


=2 ба, 
2 


VR 2 q+1 q+1\2 +1 \n 
[ . Sa=1+ (FHE) (sy 11] 
Ans. 9 


Since a, b and с are the sides of AABC, and 
btc cta a+b 


п AD 7 ise 
btc с+а a+b 


H. fas. 
Ли b+e=11x 
с+а=12х 
a+b=13x 
or 2(а+Ь+с)=36х - 


hes si 
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or at+b+c=18x 
a=7 x, b=6x, с=5 х 

Consider: ^ 
+ с?—а? 

2bc 
_ (bx)? t (5x = (7x) 
E 2(6x)(5x) 
36X2 + 25x2 = 49x? 

60x? 

21202 1 
"60х20. ДӘ, 


cos A= 


Similarly, 


19 5 
cos B=35 and cos C= т 


26 cos А cos B cos С 
1/5 19/35 5/7 
cos A cos В cos C 


Ans. 10 
Equations of equal sides of an isosceles triangle are given by: 
7х-у+3=0 ; (i) 
х+у-3=0 Е (ii) 


Therefore equations of two bisectors of the angle formed by eqs. (i) and (ii) 
are given by: 


7х-у+3 aa х+у-—3 
VGy«cir "vara 
7х-у+3 х+у-3 
— 5 4L 
^ 50 "E 
is TIx=yt3 uxiygs 


/ 25 1 
г e 7 = tx +y-3) - 
=> x—3y+9=0 and 3x+y—3=0 (iii) 


Let m be the slope of line passing through the point (1, —10). Therefore, 
the equation of the line will be: 


у+10=т (x-1) (iv) 


This the line with slope m is parallel to the bisectors whose equations are 
given by (iii). 


.. m=1/3 and m= – 3 
Thus the possible equations of the third side are given by: 
y+10=1/3 (x- 1) 
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or 3y—x+31=0 

and у+10=—3(х—1) 
ог у+3х+7=0 

Ans. il 


Let the two points be A = (xı, yi) and B= (х2, у). Therefore, (x1, хг) are 
the roots of x?--2ax — b= 0 and (ул, y2) are the roots of y?+2py—q?=0 


X:tx=-2a and yity=—2p 


xıx= —b? апд yiy2= – 4? 
The equation of the circle with the line joining (xi, x2) and (yi, y2) as 
diameter is 
(x -xiXx— x2) + (y — yy- y2 = 0 
ie. (2— Ga x) x xix2) + 02-14 y2) y+ yiya} 20 
or xi-(-2a)x—b* 4 y —(—2p) y- 4320 
or x? +2ax—b?+ y! 2pytq*- 0 


Thus the required equation of the circle is given by: 
x^ y! 2ax+2py—b?—g?=0 
By adding a? + p? to both sides, it can also be written as 


(х+а)#+(у+р)%#=+4?+а2+р? 
ог (x- C^ a t- (759) = QV P qt cat py 
Thus the radius of the circle is VD q? +a"+ p? 
Ans. 12 
A(x) B(x) C(x) 
Let Ф(х)= | A(a) Bla) С(а) @ 
Aa) B'(a) C'(a) 
Put xa on both sides. 


Аа) B(a) C(a) 
Ala) Ba) Ca) 
Aa) В'(а) C'a) 
Since the first and second rows are identical, 
$а)=0 

Differentiating Equation (i) w.r.t. x, we get: 
A'(x) B'(x) C'(x) 
A(@) Bla) С(а) 
Aa) Ba) С'(а) 


$(a)= 


ф(х) = 


Put. x=a on both sides, 
40а) B(à Со) 

#@-=| Aa) Ba) Cla) 

AA В(а) c'a 
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Since the first and third rows are identical, 


$'(a) - 0 
(a) - 0 and 4'(a) -0 : 


Thus (х), and hence the determinant given by Eq. (i), is divisible by f(x). 
Г." 4(x), B(x) and C(x) are polynomials of degrees 3, 4 and 5 respectively. ] 


Ans. 13 l 
- Let y= (loge х logis z)" + sin” (25) 
08 4 in x 1+ x 


_ (logos x sin x) | -( 2x ) 
(шы BOLE). as 1+2 


А Нет Л 
= (Іорсоз х sin x)? + sin (25) 
иа 
9r dis ( = sa) id si: E 2 . 
Differentiate Eq. (i) w.r.t. x we get 
2(2 inr) {== In cos x+tan x In sna) 


„cot x In cos Ж 
dx In cos x (in cos x) 


(Fa) 
aor 1+x? 


а 2х " £ 
[For x ux (a) put x= tan 9, we get: 


d iin 202 3.2 tant а 
j; in ѕіп 20 32 tan х= тру 


dy» (nsns. etse +( 2 ) 
dx In cos x (in cos x)? xxi 


(2) Sighs 
dx] х=т!& In2 (6 2 


1+ 
Те 3 
In2 7+16 wf 
Ans. 14 
Pur Pg yi) be the point of intersection of the normal and the curve 
ya | © 


Slope of the tangent to the curve (i) is: 2-3 


Slope of the normal to the curve (i) at (х1, y) is = 


1 5 
P d MER PR - БЕ 
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As the normal passes through (1, 2),-its equation can be written as: 
-2 
y-2=——(x—1), where x= 4y 
Since the normal passes through ((х1, yı), therefore, 

S -2 

y-22 xmi x1— 1) 
or 


=x} = 8 
>x1=2 and у= 1 
Thus the equation of the normal is: 


—2 
y-2 73 «- 1) 
or : xty-320 
Ans. 15 


Equation of the curve is given by 


"ia à) 
Slope of tangent 2- ES = x 
ш EE 
(1 + x2? 
dy. 1-x 
Let Хо) = me ci 
Ро) LEPC 2x) — (1 2-20 + x2)23) 
Pee тр ee 


EU 32)03)- 4x(1- x2)}(1 +2) 
gout: EY 
= 7 2x(1 +x? +2—2x2) 
(1 +x?)3 
ў —2x(3 — x? 
or го- PE) (ii) 
Г) 0 = x=0, 473 
Differentiating Eq. (ji) again w.r.t. x we get: 
иу 12x18 - x) _ 6(1 — x2) 
tO" Geet HOAN 
f'(0-—6 арі S(4V3)=3/16 
> f'(0) < 0and f*(:4/3) > о 
Putting х= 0 in Eq. (i) we get y- 0 
Thus the tangent to the curve has the maximum slope at (0, 0). 


Model Solutions ` 


Ans. 16(i) 
12 x sin“! x 
ш VS a зет М 
Put x=sin 0 
EA dx = cos 0 dð, Limits for x 20, 6—0 
and for x=}, 0=7/6 
7/6 sin 6'sin-! (sin 0) 
pe [seti вао gue 
Thus k Vicente cos 0 dé 
"16 
- f 0 sin 0 49 
0 
T6 6 
= [%-cos e «E 1-c0s 6 dà 
n6 
= [ -0 cos 0+sin Ji 
Jaa WS uh 
EUR. 2 2 
6—74/3. 
Thus, I i 
Ans. 16(ii) 
dx 
Let 1 + Tj 


- [ teta. 
(Гах At 


E [э 
x*(l + х7%)3/4 
Put l+x4=t 
—4x^5 dx=dt 


1- [as 
m SES 
4) 13 
] #341 
774 -3441 
Thus, I= – (15х74) + C, where C is a constant of integration. 
Ans. 17 : 


+ C= tse «1 


Since tan x lies between —7/3 < х < 7/3 and cot x between m6 S xX 


< 37/2, the required area is given by: 


46 Model Solutions 


| 
4 | 
=| In see xf" + In sin x| i 
с 1 | 
=] 2-+0-In (= 
пу 3 
v2 ) 
win پک‎ 
п 0172 
= 102 
Thus the required area is In 2, 
Ans. 18 
The given function f(x) is 


(i) integrable over every interval on the real line and (ii) f(x +1) 2f), 2 
for all x and a real /. The given integral ] f F(x) dx can be written as: 


[лә dx= | уо) dx+ [о dx + [л ах 


Let I- [лө dx 
Li 
Substitute y=x-t or dy-dx 
For x=t, y=0 
and at х=а+1, у=а 
att а 
г> [| Nx) dx = [Joto ay 
а 
-f dy 
-[лә dx 


Ж - [о dx 


[r f(x) dx= fio dx +f, f(x) dx- f' Јо) dx 


| [ia 
Thus | MEO dx is independent ofa, - 
Ans. 19 
It is given that 
P(4)- 5- 0.25 - 
P(B)- x 70.20 


Model Solutions 47 


8 
P(AB)= 100^ 0.08 
Р(АВС) = P(4)- F( AB) 
=0.25— 0.08 
| =0.17 
| and Р(АСВ) = P(B) - P(AB) 
= 0.20 — 0.08 
20.12 
Let y be the event that a person reads an advertisement. Therefore, 
P(y) = P(yABO) + Р(уА©В)+ Р(уАВ) 
=0.17x 20. 4.0.12% 799 +004 


= 0.051 +0.048 +0.04 
= 0.139 
Thus the population that reads advertisements is 13.97%. 


ei С PSS de. gu 3X7‏ ا ا کک 


1985 


QUESTION PAPERS 


PHYSICS 


TIME ALLOWED : 3 HOURS Maximum Marks : 100 


Notes: (1) Answers must be written in English. 


(2) Figures in brackets on the right-hand margin indicate marks 
for the questions. 

(3) Answers to Part ‘A’ must be given only on the first six pages 
of the answer-book in the order in which the questions 
appear in the question paper. 

(4) Answer to each question of Part ‘B’ should begin on a fresh 
page. 

(5) Answer all parts of a question at one place. 

(6) You are advised not to spend more than sixty minutes in 
answering Part ‘A’. 

(7) Useful physical data: 

Velocity of sound in air 330 m/sec 

Gas constant R = 2 cal/mole К 

Velocity of light in vacuum = 3x108 m/sec 
Acceleration due to gravity = 9.8 m/sec? 
Planck's constant = 6.6 x 10—3* joule sec 

1 ev=1.6 x 1071? joule 


dus -9x 109 Nm2C? 


PART A 


1. In each of the statements below, several alternatives are given. In 


some cases more than one alternative is correct. Select the correct 

alternative(s) in each case and write down the corresponding letter(s) 

(A) (B) (C) or (D) in your answer-book. For each part, marks will be- 
awarded only if ALL the correct alternatives are selected. 


(i) A uniform chain of length Z and mass M is lying on a smooth 
table and one-third of its length is hanging vertically down over 
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the edge of the table. If g is acceleration due to gravity, the work | 
required to pull the hanging part on to the table is: 
^. (A) MgL (B) MgL/3 (C) MgL/9 (D) MgL/18 — 
(ii) A mass M is moving with a constant velocity parallel to the 4 
X-axis. Its angular momentum with respect to the origin: 
(A) is zero (B) remains constant 
‚__ (C) goes on increasing (р) goes on decreasing 
(iii) An air column in a pipe, which is closed at one end, will be in 
resonance with a vibrating.tuning fork of frequency 264 Hz if 
the length of the column in cm is: 
(A) 31.25 (B) 62.50 (C) 93.75 (D) 125 
(iv) 70 calories of heat are required to raise the temperature of 2 
moles of an ideal gas at constant pressure from 30°C to 35°C. 
, The amount of heat required (in calories) to raise the tempera- 
ture of the same gas through the same range (30°C to 35°C) at 
constant volume is: 
(A) 30 (B) 50 (C) 70 (D) 90 
(v) A proton moving with a constant velocity passes through a 
region of space without any change in its velocity. If E and В 
represent the electric and magnetic fields respectively, this 
region of space may have: 
(A) E-O B=0 (B) E=O ВО 
(С) EXO B=0 (D) E20 B40 
(vi) A parallel plate air capacitor is connected to a battery. The 
quantities charge, voltage, electric field and energy associated 
with this capacitor are given by Qo, Vo, Eo and Up, respectively. 
A dielectric slab is now introduced to fill the space between 
the plates with the battery still in connection. The correspond- 
ing quantities now given by О, V, Е and U are related to the 
previous ones as; 
(A) О > Qo (В И> Ию (ОЕР А (D) U > Uo 
(vii) For a given plate voltage, the plate current in a triode valve is 
maximum when the potential of: 
(A) the grid is positive and plate is negative 
(B) the grid is zero and plate is positive 
(C) the grid is negative and plate is positive 
(D) the gtid is positive and plate is positive 
(viii) A rectangular loop carrying a current i-is situated near a lo 
straight wire such that the wire is parallel to one of the sides 
of the loop and is in the plane of the loop. If a steady current 
a established їп the wire as shown in the figure, the loop 


(A) rotate about an axis parallel to the wire 
(B) move away from the wire 

: (C) move towards the wire | 
(D) remain stationary- 
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Fig. 1 


(ix) The X-ray beam coming from an X-ray tube will be: 


(x 


= 


(А) топосһготайс 

(B) having all wavelengths smaller than a certain maximum 
wavelength 

(C) having all wavelengths larger than a certain. minimum 
wavelen 

(D) having all wavelengths lying between a minimum and a 
maximum wavelength б 

The spring balance A reads 2 kg with a block т suspended 

from it. A balance B reads 5 kg when a beaker with liquid is 

put on the pan of the balance. The two balances are now so 

arranged that the hanging mass is inside the liquid in the beaker 

as shown in the figure. In this situation: 

(A) the balance А will read more than 2 kg 

(B) the balance B will read more than 5 kg 

(C) the balance A will read less than 2 kg and B will read more 
than 5 kg 

(D) the balances A and В will read 2 kg and 5kg respectiyely 

(2x 10) 


Fig. 2 
2. Read the following statements carefully. Indicate the sub-division 
number and write down the matter corresponding to each blank 
strictly in the order in which it appears in the statement: 

(i) In the Uranium radioactive series the initial nucleus is 3U and 
the final nucleus is 26РЬ. When the Uranium nucleus decays .to 
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Lead, the number of «-particles emitted is ...... and the num- 
ber of B-particles emitted is ...... 

(ii) A convex lens A of focal length 20 cm and.a concave lens B of 
focal length 5 cm are kept along the same axis with a distance 
d between them. If a parallel beam: of light falling on A leaves 
B as a parallel beam, then d is equal to ......... cm. 

(iii) Planck’s constant has the dimensions ......... 

(iv) According to Kepler’s second law, the radius vector to a planet 
from the sun sweeps out equal areas in equal intervals of time. 
This law is a consequence of the conservation of ......... 

(v) The variation of temperature of a material as heat is given to it 
at a constant rate is shown in the figure. The material is in 


solid state at the point O. The state of the material at the point 
у Фе УАН 


Heat Added—> 
Fig. 3 


(vi) A monochromatic beam of light of wavelength 6000 A in 
vacuum enters a medium of refractive index 1.5. In the medium 
its wavelength is ......... , its frequency is ......... (2x6) 

3. State whether the following statements are TRUE or FALSE, giving 
reasons in brief to support your answer. Marks will be awarded only 
if correct reasons are given: 

(i) A source of sound with frequency 256 Hz is moving with a 
velocity V towards a wall and an observer is stationary between 
the source and the wall. When the observer is between the 
source and the wall he will hear beats. 

i) The current-voltage graphs for a given metallic wire at two 
different temperatures 7; and T? are shown in the figure. The 
temperature Т» is greater than 7}. 


| ^ 
; Тг 
М 


Рів. 4 
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(iii) Two identical trains are moving on rails along the equator on 
the earth. in opposite directions with the same speed. They will 
exert the same pressure on the rails. 

(iv) The curves A and В in the figure show P~ V graphs for an 
isothermal and an adiabatic process for an ideal gas. The 
isothermal process is represented by the curve A. 


| 


А 
B 


Vite 


Fig. 5 


(v) An electron and a proton are moving with the same kinetic 
energy along the same direction. When they pass through a 
uniform magnetic field perpendicular to “the direction of their 
motion, they describe circular paths of the same radius. 

(vi) A triangular plate of uniform thickness and density is made to 
rotate about an axis perpendicular to the plane of the paper and 
(a) passing through A and (b) passing through В, by the applica- 
tion of the same force, F, at C (midpoint of 4B) as shown in the 
figure. The angular acceleration in both the cases will be the 
same. (3x6) 


CH 


Fig. 6 


PART B 


4. (a) Two light springs of force constants Kı and kz and a block of mass 


mare in one line AB on a smooth horizontal table such that 
one end of each spring is fixed on rigid supports and the other 
end is free as shown in the figure. The distance CD between the 
free ends of the springs is 60 cm. If the block moves along AB 


paces OPE ai 
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with a velocity 120 cm/sec in between the springs, calculate the 
period of oscillation of the block (k;=1.8 N/m, k2=3.2 N/m, 
т = 200 g). (6) 
(b) Two glass bulbs of equal volume are connected by a narrow tube 
and are filled with a gas at 0°C and a pressure of 76 cm of 
mercury. One of the bulbs is then placed in melting ice and 
the other is placed in a water bath maintained at 62°C. What is 
the new value of the pressure inside the bulbs? The volume of ' 
the connecting tube is negligible. (6) 
5. (a) Space is divided by the line AD into two regions. Region I is 
field free and the Region II has a uniform magnetic field В 
directed into the plane of the paper. ACD is a semicircular 
conducting loop of radius r with center at O, the plane of the 
loop being in the plane of the paper. The loop is now made to 
rotate with a constant angular velocity о about an axis passing 
through O and perpendicular to the plane of the paper. The 
effective resistance of the loop is R. 
(i) Obtain an expression for the magnitude of the induced cur- 
rent in the loop. 
(ii) Show the direction of the current when the loop is entering 
into the Region II. 
(iii) Plot a graph between the induced e.m.f. and the time of 
rotation for two periods of rotation. (6) 


Region I . ., 
X KK A/BRAX Xx 
АХААХЛАА кд 
RRR Ж. я-а хх 


Region I 
ois A 


C 


> жум з м » у у 


о 


Fig. 8 


(Б) The vibrations of a string of length 60 cm fixed at both ends аге 
represented by the equation: 


y=4 sin (3) cos (96 тг) 


where x and y are in centimeter and г їп seconds, 


i) What is the maximum displacement of a point at x= 5 cm? 
(ii) Where are the nodes located along the string? 
(iti) What is the velocity cf the particle at x = 7.5 cm at f= 0.25 sec? 
(iv) Write down the equations of the component waves whose 
superposition gives the above wave. (6) 
6. (a) Two fixed, equal, positive charges, each of magni 5 
are located at points A and В мк эту by a cod ut A z 
An equal and opposite charge moves towards them along the 
line COD, the perpendicular bisector of the AB. The moving 
charge, when it reaches the point C at a distance of 4 m from 


1 
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Fig. 9 


O, has a kinetic energy of 4 joules. Calculate the distance of the 
farthest point D which the negative charge will reach before 
returning towards C. (6) 
(b) A string, with one end fixed on a rigid wall, passing over a fixed 
frictionless pulley at a distance of 2m from the wall, has a 
point mass M=2 kg attached to it at a distance of 1 m from 
the wall. A mass m —0.5 kg attached at thefree end is held at 
rest so that the string is horizontal between the wall and the 
pulley and vertical beyond the pulley. What will be the speed 
with which thc mass M will hit the wall when the mass m is 
released? (6) 


Fig. 10 


7. (а) A beam of light consisting of two wavelengths, 6500A and 
5200A, is used to obtain interference fringes in a Young’s double 
slit experiment: 

(i) Find the distance of the third bright fringe on the screen 
from the central maximum for the wavelength 6500A. 

(ii) What is the least distance from the central maximum where 
the bright fringes due to both the wavelengths coincide? 
The distance between the slits is 2 mm and the distance 
between the plane of the slits and the screen is 120 ст. (6) 

Or 


(a) A doubly ionised lithium atom is hydrogen-like with atomic 
number 3: 

(i) Find the wavelength of the radiation required to excite the 
electron in Li** from the first to the third Bohr orbit. 
(Ionisation energy of the hydrogen atom equals 13.6 ev.) 

(ii) How many spectral lines are observed in the emission spect- 
rum of the above excited system? (6) 
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Es (b) A ball of mass 100 g is projected vertically upwards from the 
| ground with a velocity of 49 m/sec. At the same time another 
| identical ball is dropped from a height of 98 m to fall freely along 

the same path as that followed by the first ball. After some time 
the two balls collide and stick together and finally fall to the 
ground. Find the time of flight of the masses. (8) 


CHEMISTRY 


TIME ALLOWED: 3 Hours MAXIMUM Marks: 100 


Notes: (1) Answers must be written in English. 


(2) Figures in brackets on the right-hand margin indicate marks ` 
for the question. 


| (3) Answers to Part ‘A’ must be given only on the first six pages 
of the answer-book in the order in which the questions appear 
| in the question paper. 


| (4) Answer to each question of Part “В` should begin оп a fresh 
| page. 
| (5) Answer all parts of a question at one place. 


| (6) You are advised not to spend more than sixty minutes in 
| answering Part ‘A’. 


(7) Some useful data: 
Atomic masses 
H=1; C=12; 0=16; Na-23; $=32; Cl=35.5; Ag= 108. 
Avogadro number = 6.02 x 1023 
1 Faraday = 96,500 C 
g=981 cm/Sec? 
Density of mercury = 13.6 gjcm? 


PART A 


l. Four alternative answers are given for each sub- 
only one is correct. Indicate the correct answer. 
Example: In the nitration of benzene with a mixture of concentrated 


nitric acid and concentrated sulphuric acid, the active 
species involved is: 


(A) nitrite ion, (В) nitrate ion, | 
(С) nitronium ion (D) nitric oxide 
The correct answer is C. 
(i) Bohr model can explain: 
(A) the spectrum of hydrogen atom only 
(B) spectrum of an atom or ion containing one electron only 


question of which 
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(C) the spectrum of hydrogen molecule 
(D) the solar spectrum 
(ii) The molecule having one unpaired electron is: 
(А) МО (В) СО (C) CN- (р) O2 
(iii) An example of a reversible reaction is: 
(A) Pb(NOs)a(aq) + 2Nal(aq) = Pbla(s) + 2NaNO»s(aq) 
(B) AgNOs(aq) + HCl(aq) = AgCl(s) + NaNO;(aq) 
(C) 2Na(s) +H20(1) = 2NaOH(aq) + Н). 
(D) KNO;(aq) + NaCl(aq) = KCl(aq) + NaNO;,(aq) 
{iv) Rate of diffusion of a.gas is: 
- (А) directly proportional to its density 
(B) directly proportional to its molecular weight 
(C) directly proportional to the square root of its molecular 
weight 
(D) inversely proportional to the square root of its molecular 
weight 
(v) For a dilute solution, Raoult's law states that: 
(A) the lowering of vapour pressure is equal to the mole fraction 
of solute 
(B) the relative lowering of vapour pressure is equalto the mole 
fraction of solute 
(C) the relative lowering of vapour pressure is proportional to 
the amount of solute in solution 
(D) the vapour pressure of the solution is equal to the mole 
fraction of solvent 
(vi) The reaction $H2(g)+ AgCl(s)= H#(aq) + Cl-(aq)+Ag(s) occurs 
in the galvanic cell: 


(A) Ag | AgCl(s) | KCI (soln) | AgNO; (soln) | Ag 
(B) Pt | Ha(g) | HCI (soln) | -AgNO3 (soln) | Ag 
(С) РЕ | Hx(g) | HCl (soln) | AgCl(s) | Ag 
(D) Pt | Hg) | KCI (soln) | AgCI(s) | Ag 


(vii) The radius of an atomic nucleus is of the order of: 
(A) 10-19 ст (В) 10-1? cm (C) 10-15 ст (D) 1075 cm 
(viii) The best indicator for detection of end point in titration of a 
weak acid and a strong base is: 
(A) methyl orange (3 to 4) (B) methyl red (5 to 6) 
(C) bromothymol blue (6 to 7.5) (D) phenolphthalein (8 to 9.6) 


Note: Figures in the brackets show the pH range of the indicator. 
(ix) Nitrogen dioxide cannot be obtained by heating: 
(А) KNO; (В) Pb(NOs» (С) Cu(NOs)2 (D) AgNO; 
(x) The oxide that gives hydrogen peroxide on treatment with a 
dilute acid is: 
(A) PbO» (В) Ма;О; (C) MnO: (D) TiO2 
(xi) The molecular formula of Glauber’s salt is: 
(А) MgSO4:7H20 (B) CuSO4:5H20 
(C) FeSO4: 7H20 (D) NaiSO4: 10H20 
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(xii) A gas that cannot be collected over water is; 
(А) № (В) О, (С) SO, (D) PH; 
(xiii) The conjugate acid of NH7 is: 
(A) NH; (B) NH;OH (С) NH} (D) NH, 
(xiv) Acidic hydrogen is present in: 
,(A) ethyne (В) ethene (C) benzene (D) ethane 
(xv) The compound that will not give iodoform on treatment with 
alkali and iodine is: { 
(A) acetone (В) ethanol (С) diethyl ketone (D) isopropyl alcohol 
(xvi) Anti-Markownikoff addition of HBr is not observed in: 
(A) propene (B) butene (С) Ьш-2-епе (О) pent-2-ene 
(xvii) The compound that is not a Lewis acid is: 
(A) BF; (В) AICI; (C) ВеСЬ (D) SnCl, 
(xviii) The compound that is most reactive towards electrophilic nitra- Д 
tion is: 
(A) toluene (В) benzene (С) benzoic acid (D) nitrobenzehe 
(xix) Hydrogen gas will not reduce: 
(A) heated cupric oxide (B) heated ferric oxide 
(C) heated stannic oxide _. D) heated aluminium oxide 
(xx) Electromagnetic radiation with maximum wavelength is: \ 
(A) ultraviolet (В) radio wave (C) X-ray , (D) infrared | 
(1 x 20) 
2. (a) Give reasons in one or two Sentences for each of the following: " 
(i) Anhydrous НСІ is a bad conductor of electricity but aqueous | 
Cl is a good conductor, 
(ii) o-Nitrophenol is steam volatile whereas p-nitrophenol is not. 
(iii) Formic acid is a Stronger acid than acetic acid. 
(iv) Graphite is used as a solid lubricant. ` 
.(v) Fluorine cannot be Prepared from fluorides by chemical 
oxidation, { (1x5) 
(b) Complete the following sentences: 
(i) The rate of chemical change is directly Proportional to......... 
(ii) The terminal carbon atom in butane is......... hybridised. 4 
(iii) On Mulliken scale, the average of ionization potential and _ 
electron affinity is known ВЕТ ЕЛИ, 
(iv) The number of neutrons in the parent nucleus which gives 14N 
on beta emission is......... 
(V) Sodium dissolved in liquid ammonia conducts electricity 
because буда ! (1x5) 
3. (a) State if the following statements are true or false: 
(i) Kinetic energy of a molecule is zero at 0°C, 
(ii) Carbon tetrachloride is inflammable. 
(iii) All molecules with polar bonds have dipole moment. 
(iv) A gasina closed container will exert much higher pressure 
due to gravity at the bottom than at the top. 
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(v) m-Chlorobromobenzene is an isomer of m-bromochloro- 
benzene. i 
(vi) Iodide is a better nucleophile than bromide. 


(vii) SnClz is a nonlinear molecule. 

(viii) Heat capacity of a diatomic gas is higher than that of a 
monoatomic gas. 

(ix) Addition of ammonium chloride to a solution containing ferric 
and magnesium ions is essential for selective precipitation of 
ferric hydroxide by aqueous ammonia. 

(x) Solubility of sodium hydroxide increases with increase in 
temperature. (4 x 10) 
(b) Arrange the following in order of their: 
(i) Decreasing ionic size 
Mgt, Ox, Nat, ЕБ 
(ii) Increasing acidic property 
ZnO, Ма›О„ P20s, MgO 

(iii) Increasing first ionization potential 
Mg, Al, Si, Na 

(iv) Increasing reactivity towards HCN 

CH3CHO, CH3;COCHs, HCHO, C;H;COCHs 
(v) Increasing bond length 
F2, N2, Ch, O2 а х 5) 
4. Match each item of the right-hand column with an appropriate item 
in the left -hand-column for each of the following section: 


(a) (A) spinel (i) MgAbO4 
(B) felspar (ii) PbCO; 
(C) cerussite (iii) KAISi308 
(D) malachite (iv) MgSO4: H20 
(E) kisserite (v) Cu(OH);-CuCO; (4x5) 
(b) (F) liquid air (vi) Deacon process 
(G) NazCO3 (vii) Parke process 
(H) nitric oxide (viii) Claude process 
(D) silver (ix) Ostwald process 
4 (J) chlorine (x) Solvay process (x5) 
(c) (K) phenol (xi) coloured glass 
(L) Na2S203 (xii) antichlor 
(M) salicylic acid (xiii) refractory material 
(N) quick lime (xiv) antiseptic 
(О) CuO (ху). analgesic (4x5) 
(d) (P) Aston (xvi) radium 
(Q) Priestley (xvii) radioactivity 
(R) Ramsay (xviii) oxygen 
(S) Marie Curie (xix) inert gas 


(T) Becquerel (xx) mass spectrum (4x5) 
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PART B 


5. (a) Give reason why the ground state outermost electronic configu- 
ration of silicon is: 


3s 3p 
HHTJ 
and not 


Fig. 11 
(b) What is the maximum number of electrons that may be presen 
in all the atomic orbitals with principal quantum number 3 and 
azimuthal quantum number 2? 


(c) How many sigma bonds and pi bonds are present in a benzene 
molecule? 


(d) Write down the resonance structures of nitrous oxide. 


(e) Suggest a reason for the large difference between the boiling 
points of butanol and butanal, although they have almost the ' 
same solubility in water. (1x5) 

6. (а) A compound of molecular formula C;HsO is insoluble in water 
and dilute sodium bicarbonate but dissolves in dilute aqueous 
sodium hydroxide. On treatment with bromine water, it readily | 
gives a precipitaté of C/HsOBr3. Write down the structure of the 


compound. (1) 

(b) Give a chemical test to distinguish between the following pairs 
of compounds: (2) 
(i) 2-butyne and 1-butyne (ii) methanol and ethanol 


(c) Write the structure of all the possible isomers of dichloroethene. 
Which of them will have zero dipole moment? 2 


(d) Write down the main product of each of the following 
Teactions: 


(i) benzene CH3CH;COCI/AICI у 


ү: NaOH 
(ii) propanal - Chest > 
(iii) ethanol NH > (3) 
(е). How would you convert: 
(i) aniline to chlorobenzene ^ (ii) acetylene to acetone (2) _ 
7. (a), Write down the balanced equations for the reactions when: 
(i) a mixture of sium chlorate, oxalic acid and sulphuric - 
` acid is heat ў 
(ii) potassium permanganate interacts with manganese dioxide in 
Presence of potassium hydroxide 


(iii) calcium Phosphate is heated with a mixture of sand and 
carbon : 
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(iv) potassium ferrocyanide is heated with concentrated sulphuric 
acid 
(у) ammonium sulphate is heated with a mixture of nitric .oxide 
and nitrogen dioxide. (1x5) 
(b) What happens when: 
(i) hydrogen sulphide is bubbled through an aqueous solution of 
sulphur dioxide 
(ii) aqueous ammonia is added drop-wise to a solution of copper 
sulphate till it is in excess 
(iii) tin is treated with concentrated nitric acid 
(iv) CrCl; solution is treated with sodium hydroxide and then with 
hydrogen peroxide 
(v) Pb3O, is treated with nitric acid (1x5) 
8. (a) How long a current of 3 ampere has to be passed through a 
solution of silver nitrate to coat a metal surface of 80 cm? with a 
0.005 mm thick layer? Density of silver is 10.5 g/cm?. (3) 
(b) The concentration of hydrogen ions in a 0.2 molar solution of 
formicacid is 6.4 x 10-3 mole/litre. To this solution sodium formate 
is added so as to adjust the concentration of sodium formate to 
one mole per litre. What will be the pH of this solution? The dis- 
sociation constant of formic acid is 2.4x 10-4 and the degree of 
dissociation of sodium formate is 0.75. ‚ (4) 
9. (a) Calculate the root mean square velocity of ozone kept in a closed 
vessel at 20°C and 82 cm mercury pressure. (4) 
(b) The bond dissociation energies of gaseous Н2, Cl, and НСІ are 
104, 58 and 103 kcal/mole respectively. Calculate the enthalpy 
of formation of HCl gas. (2) 
(c) The equilibrium constant of the reaction Ax(g) + BX8) = 2AB(g) 
at 100°C is 50. If a one litre flask containing one mole of Az is 
connected to a two litre flask containing two mole of B2, how 
many moles of AB will be formed at 373 K? (5) 
10. (a) Five ml of 8 N nitric acid, 4.8 ml of 5 N hydrochloric acid anda 
certain volume of 17 М sulphuric acid are mixed together and 
made upto 2 litre. Thirty ml of this acid mixture exactly neutra- 
lise 42.9 ml of sodium carbonate solution containing one gram 
of Na;CO;- 10H50 in 100 ml of water. Calculate the amount in 
gram of the sulphate ions in solution. (5) 
(b) While studying the decomposition of gaseous N20; it is observed 
that a plot of logarithm of its partial pressure versus time is linear. 
What kinetic parameters can be obtained from this observation? 


(2) 


MATHEMATICS 
TIME ALLOWED: 3 HOURS ! MAXIMUM Marks: 100 


Notes: (1) Answers must be written in English. 
(2) Figures in brackets on the right-hand margin indicate marks 


for the questions. 
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(3) Answers to Part ‘A’ must be given only on the first six pages of 
the answer-book in the order in which the questions apppear in tht 
question paper. 8 

(4) Answer to each question of Part ‘B’ should begin on a fresh © 
page. 1 

(5) You are advised not to spend more than sixty minutes in answer- 
ing Part ‘A’. 

(6) Answer all parts of a question at one place. 


(7) Use of calculator, logarithmic and trigonometric tables and. 
graph paper is not allowed. 


PART A 


(Attempt all questions in this part) 
1. There are five parts in this question. Four choices are given for each 
part and one of them is correct. Indicate your choice of correct 
answer for each part in your answer-book by writing one of the letters | 
(A), (B), (C), (D) whichever is appropriate: 3! 
UE CUN н ЕН ree qois 
в BF E yy, 


| — (D) none of these 
equations ax? +2bx+c=0 and 


1 3 
has the value; — 
(А) т. (B)! © 
(iv) If a; b, cand u, v, w arı A Apt 
ces of two triangles. tj à ing the verti- | 
u +rv, Where r is a complex пі 
(А) have the same area (] 
(C) are congruent 
(v) If logoa (x — 1) < logo. 


(A) (2, ©) 
(C) (=2, =1) 
2. There are three parts in thi н (5х2) 
one correct answer. Indi Ore las | than 
writing the corresponding] 


book. 
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(i) Three lines px + qy +r =0, gx+ry+p=0 and rx+py+q=0 are 
concurrent if: 
(A) р+4+ғ=0 | (B) p?-- 4? 4-r?- pq + qr t rp 
(C) p3 +93 + r? = 3pqr (D) none of these 
(ii) If f(x) e (мх — Vx +1), then 
(A) f(x) is continuous but not differentiable at x — 0 
(B) f(x) is differentiable at x —0 
(C) f(x) is not differentiable at x = 0 
(D) none of these 
(iii) If zi = a+ ib and z2=c+id are complex numbers such that | zi | 
=|z2| =1 and Ке (2122) =0, then the pair of complex numbers 
Wi a+ ic and wa= b + id satisfies: 
(A) [и | =1 (B) |wa|=1 
(C) Re (w192) - 0 (D) none of these (3x2) 
. This question contains six statements, each of which is either true or 


false. Indicate your choice of the answer in the answer-book by writ- 
ing true or false for each statement. 


Xi » 1 а bi 1 
Ea ya alaaa e 5515 
X3 ys 1 a3 b3 1 


then the two triangles with vertices (xi, y1), (х2, уз), (хз, уз) and 
(a1, bi), (a2, b2), (as, b3) must be congruent. 

(ii) The product of any r consecutive natural numbers is always 
divisible by r! 

(iii) If three complex numbers are іп А.Р. {пеп they lie on a circle in 
the complex plane. 

(iv) If m, 15, ....-...- ‚ np are p positive integers, whose sum is an even 
number, then the number of odd integers among them is odd. 

(V) No tangent can be drawn from the point (5/2, 1) to the circum- 
circle of the triangle with vertices 


а, V3), Q-V3, =D 
(vi) If P(x)=ax?+bx+e and Q(x)=—ax?+dx+c, where ac 0, 
then P(x)Q(x) =0 has at least two real roots. (6x 1) 


. This question contains fourteen incomplete statements. Determine 
your answers to be inserted in the blanks so that the statements are 
complete. Write these answers only in your answer-book, strictly in 
order in which the statements appear below. 


(i) If A(x), g(x), h(x), г = 1, 2, 3, are polynomials in x such that 
fi(a) g(a) = (а), r=1, 2, 3 
Six) бо) Рб) 
and .F(x)e| g(x) gax) аз) 


h(x) Р(х) h(x) 
then, F’(x) at x = a is......... 
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(ii) If b B 1+53 [20 
c cd 0e 
> > > 
and the vectors 4 =(1, а, a), В= (1, b, 52), C= (1, c, c?) 
non-coplanar, then the product abc = ......... 


(ili) P(AU B) = P(A(1B) if and only if the relation between P(A 
and P(B) is......... 


(iv) If A B, С are three non-coplanar vectors, then: 
. “о > > эз» ج‎ 
А.ВхС B-AxC 


эз ee eem 


СхА.В С.АхВ 


(у) Let A be a set of distinct elements. Then the total number of 
distinct functions from А to A is......... and out of these......... 
are onto functions. 

(vi) The set of all real numbers a such that a* + 2a, 2a 4-3 and 
+3a+8 are the sides of a triangle is....».... 

(vii) In a triangle ABC, if cot 4, cot B and cot C are in AP, then 
@, bY, c? are in ......... progression. 

(viii) Let x-£y2-4x—2y— 11-0 be a circle. A pair of tangents 
from e int (4, 5) with a pair of radii forma quadrilateral 


(x) 114 (1, 1), 6-0, 1, — 1) are given vectors, then a vector 

= NE E RI AA 

B satisfying the equations 4 x B= C and 4.B= 3 is 

(x) The orthocentre of the triangle 

2x+3y=6 and 4x - y+4= 

; 1e КУД Ч (M 4= 2 азор ач 
Gx) 189) sin In (TT), then the 

and its range is ......... A 

(xii) 1f f(x) = log, (In x), then f’ 

(xiii) A box contains 100 tickets numi 

ia are chosen at random. It is given 


on the two chosen tickets is 
number on them is 5 


xiv) From the origin chords are 
ы. The pases of the locus o 


DIL 


Notes: (1) There are fourteen. questio: 
questions. к 
(2) Justify your answers with т; 


I1. 


12. 


14. 
15. 


16. 
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Use mathematical induction to prove that 2:724-3.5^—5 is divisible 
by 24 for all n > 0. -(5) 


Evaluate the following: 


. [7/2 x sin x cosx 2 
i те o 
o  Cos*x-sin* x 


T= — 
c» | HIVE dx (з) 


. A ladder rests against a wall at an angle « to the horizontal. Its foot 


is pulled away from the wall through a distance a, so that it slides a 
distance b down the wall making an angle B with the horizontal. 


Show that a=b tan Ze +6). (5) 
. (а) Show that: (2) 
Ж, ЖАЛ» ADU жүл ge ИВИ 


Je, Усуд Жез |7 e, Ytler J +22 


D Zer 2641 - 2,05 Ze, 2+ le 2 +252 


(b) One of the diameters of the circle circumscribing the rectangle 
ABCD is 4y=x+7. If A and В are the points (— 3, 4) and (5, 4) 
respectively, then find the area of the rectangle: (3) 


. Sketch the region bounded by the curves y= /5—x? and y=|x-1| 


and find its area. (5) 


. Solve for x: 


(5524/6)? + (5-24/6)"* = 10 (5) 
Two sides of a rhombus ABCD are parallel to the lines y=x+2 and 
у= 7х+3. If the diagonals of the rhombus intersect at the point (1, 2) 
and the vertex A is on the y-axis, find possible coordinates of A. (5) 
A man has 7 relatives, 4 of them are ladies and 3 gentlemen; his wife 
has also 7 relatives, 3 of them are ladies and 4 gentlemen. In how 
many ways can they invite a dinner party of 3 ladies and 3 gentlemen 
so that there are 3 of the man’s relative and 3 of the wife’s relatives? 


(5) 


. In а triangle ABC, the median to the side BC is of length 


1 
V 11-6473 ` Б, 
and it divides the angle A into angles of 30° and 45°. Find the length 
of the side BC. | (5) 
Find all the tangents to the curve y = соз (x+y), – 27 <x < 2r, that 
are parallel ta the line x + 2y=0. ‚ (5) 


Let f(x) «sin? x + sin? x, —7/2 < x < 2/2. Find the intervals in 
which A should lie in order that f(x) has exactly one minimum and 
exactly one maximum. * ; ~ CJ] 


Find the sum of the series: ` pt ASE (6) 
n 12:37:10 19 Ср s 
LC ул]; + +55796 + ... uptom terms] 


4 
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17. Let f(x)=x3-x24+x4+1 
and а(х) = max { f(t): 0 <t < x}, 0<х<1 


=3-х, Dex 
Discuss the continuity and differentiability of the function g(x) in the 
interval (0, 2). (5) 


18. In a multiple-choice question there are four alternative answers, of 
which one or more are correct. A candidate will get marks in the 
question only if he ticks all the correct answers. The candidate decides 
to tick answers at random. If he is allowed upto three chances to 
answer the question, find the probability that he will get marks in the 
question. (5) 


ENGLISH 


TIME ALLOWED : 3 Houns MAXIMUM Marks : 100 


Notes: (1) Answers must be written in English. 

(2) Figures in brackets on the right-hand side indicate full marks 
for the questions. 

(3) Answers to Part ‘A’ must be written only on the first six pages 
of the answer-book in the order in which the cer dim peer 
on the question paper. 

(4) Answer to each question of Part “В” should begin on a fresh 
page. 

(5) VE all parts of a question at one place. 

(6) You aré advised not to spend i i i 
an eer MU pend more than sixty minutes in 


(7) Ms. petty not to exceed the length of the answer, ` where- 


PART A 


1. Fill the gaps with the words whose firs 
: / t letters and - i i 
brackets) are given. Write the number of the Зай бур Urs pna (in 
Do nof rewrite the Sentences, › and the word. 


(i) Dark clouds are’ В : р 

(i). The spe happen very soon}. ^ Seems im... (likely to 

ii Spectacular performance of i А aay 

,, Performer) on the bar won iral a Ann "вице 

(iii) Tue jitparment does not have its com.........(the full number 

(iv) The a a 
Iney thro OFT, 

ay ee teed 

‚ may a; tran; Ul Ak. 64 ; 

plane would cashier but Һай an ine айбы (hunch) that the 


(vi) 


(vii) 
(viii) 
(ix) 
(x) 
(xi) 
(xii) 


(xiii) 
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During elections every political party promises to provide a 


government that is гез......... (which answers) to people’s 
needs. 

Вар... $e (with the exception of) a few, all spoke highly of 
the show. 

The book reveals some of the unknown fac... «+... (many sides) 
of the great man's personality. 

Steps have been taken to avoid the тес......... (repetition): of 
such industrial accidents. : 
The zamindar was bru........- (in a savage, cruel manner) done to 
death under mysterious circumstances. 

In def......... (out of respect for) to the minister's wishes, 
expenditure on public functions was cut down. 

Nobody likes a со......... (not brave) person. (13) 
The cadets thought that the drill sergeant was really the devil 
Ino (having a body in human form). | 


. Each of the following sentences has a verb in brackets. Write the 
number of the sentence and the correct form of the verb. Do not 
rewrite the sentences. 


(i) 
(ii) 
(iii) 
(iv) 
(у) 
(vi) 
(vii) 
(viii) 
(ix) 
(x) 
(xi) 
(xii) 


І know him well. He (be) my classmate since we were at 
school. 

I sincerely wish you (enjoy) the forthcoming adventure as much 
as I shall. 

May I know what your activities (be), lately? 

All the questions already (solve) when I entered the room. 

I would be so happy if only he (come) here to help us 
tomorrow. 

While Sita and her friends (eat) their lunch, they saw a little 
boy fall from the wall. 

Will you speak to him warmly when you (meet) him next week 
in Madurai? 

Who (be) to the cinema with you yesterday if you had behaved 
arrogantly? д 

He looks as if he quite (please) with what we are going through. 
I (surprise) to see a shy friend of mine talking freely with a 
pretty girl yesterday. A 

I gave up studying Sanskrit after I (work) at it for along time. 
Nobody shall disturb us while confidential ‘matters (discuss) in 
the meeting. ^ a (12) 


. Rewrite, the following sentences making corrections wherever 
necessary. Do not make needless changes. ..... í 


(i) 


(ii) 
(iii) 
(iv) 

(v) 


You should know that Ї neither insulted him nor anyone else 
who came with him. { , ЖД 
Our chairman should be more liberal rather than strict. 

What he is looking for is a wife. | 

Your milk is getting cold; drink up it quickly. 

Some of the books, which you seem to have read, have be- 
come best-sellers already. si es Ж 
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(vi) His plans were known by everyone in his office. 8 
(vii) Would you bring me two three bananas now that you are || 
going to the market? | 

(viii) Strangely enough it was the thief who needed protection from | | 
the police! H 

(ix) I don't care whether or not your car breaks down. | 
(x) I will devote myself to help the poor and the downtrodden of 
my country. (10) 2 | 

4. Rewrite the following sentences as directed: | 

(i) “Why don't you work hard enough for me?", she demanded | 
of him. (Put the sentence into Reported Speech.) | 
(ii) People should not make the Holi celebrations an excuse for | 
rowdy behaviour. (Put the sentence into the passive voice.) | 

(iii) Surya has been one of the best leaders of our time. (Rewrite 
the sentence beginning with ‘Few’ without changing the | 
meaning.) | 

(iv) The grammar is so difficult that we can't understand it. (Rewrite 
the sentence using *too' without changing the meaning.) 

(v) Shyam exclaimed, **What a marvellous dinner!" (Put the sen- 
tence into Reported Speech.) 

(vi) At the time of his death, he was a rich man. (Rewrite the 
sentence using just three words but without modifying the | 
meaning.) | 

(уй) du) to be with Rajiv. (Rewrite the sentence beginning with | 

viii) © She has been tremendously hel i i 

ex, question tag to this n орана pupils: P : 

(ix) I had hardly understood the problem when he hustled me into 


giving my views. (Rewrite th dat 1 
*Hardly".) С е sentence beginning with 


(x). The committee is unanimous on this issue (Wri 
1 x . Tite а sentence 
expressing the opposite meaning of this sentence wi i 
any negative forms.) х EOM using 


0 
5. The sentences in E 


1 р! cells 
Ever y experience in ife makes ап impression on some of the 


other part involves filing them away i 


(5) 


PART B 
. 6. Write an essay in about 350 words on 


(i) The kind of god I believe in 


t one of the following: 
in. i Л y 
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(ii) Playing, not winning, is what matters. 
(ii) Terrorism does not help. 
(iv) The way I have changed over the past five years. (20) 


7. Explain the meaning of one of the following statements in about 150 
words: 

(i Only the knowledgeable know how little they know. 

(ii) A man is known by the company he does not keep. 
(iii) Love is healing. (10) 
8. Write a paragraph оп one of the following in about 150 words. Write 
either for or against the topic: 
(i) Icannot have a worse enemy than myself. 
(ii) Freedom is an end in itself. 
(iii) ‘An eye for an eye’ is fair play. (10) 
9. Read through the following passage and answer in your own words 
the questions given. No credit will be given if portions are lifted from 
the passage. s 

Boredom as a factor in human behaviour has been, I believe, one 
of the great motive powers throughout the historical epoch, and. is 
so at the present day more than ever. The desire for excitement is 
very deep-seated in human beings, especially in males. I suppose that 
in the hunting stage it was more easily gratified than it has been 
since. The chase was exciting, war was exciting, courtship was excit- 
ing. But with the coming of agriculture, life began to grow dull. In 
old days, after supper everybody sat round and had what was called 
“a happy family time". This meant that the head of the family went 
to sleep, his wife knitted and the daughters wished they were dead or 
at Timbuktu. All this weight of boredom should be borne in mind 
in estimating the world of a hundred years ago. 

We are less bored than our ancestors were, but we are more afraid 
of boredom. We have come to believe that boredom is not part of 
the natural lot of man, but can be avoided by a sufficiently vigorous 
pursuit of excitement. A wish to escape from boredom is natural; 
indeed, all races of mankind. have displayed it as opportunity occur- 
red. Wars, genocide and persecutions have all been part of the flight 
from boredom; even quarrels with neighbours have been found better 
than nothing. 

Boredom, however, is not to be regarded as wholly evil. A. certain 
power of enduring boredom is essential to a happy life. All great 
books contain boring portions, and all great-lives have contained 
uninteresting stretches. Imagine a modern publisher confronted with 
the Old Testament as a new manuscript submitted to him for the 
first time. What would his comments be, for instance, on the genea- 
logies? “My dear sir," he would say, “you can’t expect your reader 
to be interested in a mere string of proper names of persons about 
whom you tell so little. You have begun your story, I will admit, in 
fine style, and at first I was very favourably impressed, but you have 
altogether too much wish to tell it all. Pick out the highlights, take 
out the superfluous matter and bring me back the manuscript when 
you have reduced it to a reasonable length”. All the best novels con- 
tain boring passages. A novel which sparkles from the first page to 


a 
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the last is pretty. sure not to be a great book. Nor have the lives of 
most great men been exciting except at a few great moments. Socrat- 
es could enjoy a banquet now and again and must have derived con- | 
siderable satisfaction from his conversations while the hemlock was 
taking effect, but most of his life he lived quitely with Xanthippe, 
taking a constitutional in the afternoon and perhaps meeting a few 
friends by the way. Immanuel Kant is said never to have been more 
than ten miles from Konigsberg in all his life. Charles Darwin, after 
going round the world, spent the whole of the rest of his life in his 
own house. Karl Marx, after stirring up a few revolutions, decided to _ 
spend the remainder of his days in the British Museum. Altogether it 
will be found that a quiet life is characteristics of great men, and 1 
that their pleasures have not been of the sort that would look excit- 
ing to the outward eye. 


except, of course, for somewhat rare occasions, The pleasures of 
childhood should in the main be such as the child extracts from his 


good for the young and cause them as they 


of m i 
from the slow Processes of nature. divorced 


(i) How did life become dull with the coming of agriculture? 


(ii) What, according to the pas mean 
Wipe | Эйн с Sage, аге the means man has used 


(iii) Why wou 
estamen 


. Gv) What Point does the author make 


, mere pleasure and excitement affect a 


(у) How would a life of 
j (10) 


young mind? ' 


{ 


2. 


(ii) 
(iii) 
(iv) 

(v) 


(vi) 
(vii) 
(viii) 
(ix) 
(x) 
(i) 
Gi) 
(iii) 
(iv) 


(v) 


(vi) 
(i) 


(ii) 


MODEL SOLUTIONS 


PHYSICS 


PART A 


(B) remains constant 

(А), (С); 31.25, 93.75 

(В) 50 

(A); (В), (D); 

Е=0, B=0, Е-0, В 40,£40,B40 

(A), (D); Q > Qo, U> Uo 

(D) the grid is positive and plate is positive 

(C) more towards the wire 

(D) having ‘all wavelengths lying between a minimum and a 
maximum wavelength 

(В), (С); the balance В will read more than 5 Кр, the balance 
A will read less than 2 kg and B more than 5 kg 

8, 6 

15 ст 

M'L2T-1 

angular momentum 

a mixture of solid and liquid 

4000 A, 5x 1014 Hz OB 

False 

When the source is moving towards the observer with velocity 
V, its apparent frequency. will increase due to Doppler effect. 
The sound of same frequency, 256 Hz, will be elastically re- 
flected from the wall and will travel with the same velocity V 


"towards the observer. As the apparent frequency of the reflect- 


ed sound will be exactly equal to the apparent frequency of the 
direct sound as heard by the observer, no beats will be heard. 
True 

The resistance of metallic wire, as found from the ratio of V 
and J, in Fig. 4, is larger at temperature T» as compared to 
that at temperature Тү. The temperature Tz is, therefore, 
greater than 71. 2$: 
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(iii) 


tiv) 


(v) 


(vi) 


4. (a) 


False 


The value of acceleration. due to gravity decreases owing to 
the motion of the earth so that effective weight of a body of 


mass M is equal to М (r - 2) where о is the effective velocity 


of this body located at a distance R from the centre of the 
earth. As two identical trains are moving on rails along the 
equator of the earth in Opposite directions with the same 
speed, the velocity of earth will be added to the velocity of 
one of the trains moving in the same direction and it will be 
subtracted from the velocity of the second train. The effective 
velocity v, and therefore, the effective value of pressure on the 


rails, М ( ғ) will be different. 
True 


adiabatic process is given by PV’=constant, where y has а 
value more than unity. As the slope for curve A is less than 
for curve B, the isothermal process is represented by 

A 


False 


The radius R of circular path described by a particle of charge 
е and momentum mo, when Subjected to a Magnetic field ‘B’ 


s. mo 
15 given by Rm 


momentum, mo = 4/25. Thus tlie radi 3 
of the electron will be different id ria of the circular path 
the proton, à 


False 


ао; angular plate about A, Ia, 
> moment of inertia about p Ів. 

refore, the angular acceleration i i har 
anpular acceleration, %p, in case (b). eb ane Een 


^" PART B 
genui Be ped Qf the block is equal to the sum of time- 
Constant velocity and nero foaia O, distance CD, with 
system for each of the springs kı and [i^ A of the spring-block 


The distance covered p the b 
Fig. 12)and y lock from C to p (shown in 
-1х@ 60е ak Lo omplete one period of osque Вот н 


Constant velocity of the block = 1.20 m 5-1 


(b) 
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The time of oscillation of the block, on smooth horizontal table, 


1.20 
h= 120 = 1.0 sec. 
The time-period of oscillation of block-spring system for a spring 


BS ae ns, |05 
of spring constant, K2= 3.2 N m", is equal to an | =2т 32 


As the block will be in contact with spring kz for a time-period 
equal to one half of this time-period at D, the effective time- 
period of oscillation of block-spring system at D, 

о = тп 02 

y 3.2 


Fig. 12 


Also the effective time-period of oscillation of the block-spring 
system with'spring constant kı at C, з= т d 25 
Total time-period = f + t2 + 13 
36 48 
= 107 + [у 
1 1 11 
=1.0+7 (4+ ES = 10+--=2.83 sec. 
Let Pı, V; and Тү be respective values of pressure, volume and 


temperature of gas in each of the glass bulbs having п number 
of moles. , 


P\V,=nRT; 
where R is the universal gas constant. 
.'. number of moles in each bulb = 7 = ar 
1 
Total number of moles in both the bulbs =n +7 
5 PM y E £V 
RT, RT; 


Let the new value of pressure inside both the bulbs be P, when 
temperature of second bulb, 77, is raised to 62°C. 
Let лу be number of moles in the first bulb and иг be number of 
moles in the second bulb. 
PH 
n= RT, 
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and 


or 
or 


or 


5. (а) () 


(ii) 


2n=n 4- no 


P. TCR jd 2P x T2 
ton Aum mik S 
2x76 x (273-62) 
~~ (273 +335) heal 
2x 76 x 335 
are E 


=83.8 cm of Hg column 
Flux linked 4 = B. 4 


db. dA 
Induced emf E = zm E 


The change in area per unit time when a loop of radius r 
б f dà dA 1 do 
rotates with angular velocity w | = x]-- ( 


= г ү, — 


2 dt 
r2o 


; 
Induced emf E — M 


If R is the effective resistance of 
current in the loops _ Bru 


NZRU 


the loop, magnitude of 


i i 309i { y p 
The direction of current is Opposite to the clockwise direc- 
i Pel Dieu of the loop and is anticlockwise as shown . 


Direction | 
of. ‘pi В 
Curren? _ 


2 
=. The graph between 
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Fig. 14 


(b) (i) Displacement is maximum when cos (9671) = 1 
Maximum displacement.of a point at x equal to 


. "x5 А т 
5 cm=4 sin (5) sin (3) 


(ii) Nodes are located at those values of distance x where 


sin (8) =0 


or B =пт (п being an integer) 
or x=15n 
-. Nodes will be present at distances х = 0, 15, 30, 45 and 
60 cm. 
(iii) y -4 sin (3) cos (9671) 


`. Velocity 7 2 = —(4x 967) x sin (Б xsin (9671) 


At x=7.5 ст and t=0.25 sec, 
sin (9671) = sin 247 : 
=0 
dy 
dt 
(iv) The component waves are given by the following equations: 


=0 


yı =2 sin (s + 9671) 


and y-2 sin (5 96«:) 


— 
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6. (a) Kinetic energy at C= 4 joules. 
As 40=3 m, OC= 4 m, AC=5 m, BC=5 m; Potential energy 
at C due to charges at 4 and B 
E 25x10 5x5x10-5 _ 5x 1075 x 5x 10-5 


4meo x 5.0 4reg x 5.0 
-10 
= = 225510 x9x 109 


ARI mL NT 1c- 
= — 9.0 joules E ded 9x 109 Nm с) 


| 
°. Total energy at C= 4-9 
= — 5 joules 
The negative charge will reach the farthest point D such that 
its total energy is equal to — 5 joules (Fig. 15). | 
-'. Total energy at D due to charges at A and B | 
EINE Ed А A | 
4reoX AD 4теух AD 
Le = 4@® у} 
reg xAD 
< _2x(5X 10-5)? x 9 x 109 
AD 


enn نی مھ تہ‎ e oe i 


+5x10°C 
A 


Bo ts 
+510 
Fig. 15 
Equating this energy with the energy at C, 
_ 2% 25x 10-10 x 9 x 109 
کا ایا ما اا امھ ای‎ 


AD giat 
or | AD -2*25x9x1931 
мре зр Аа пз 29m ar 4 z 
"+ Distance of point D from point O= Op 
xe = VAP =A 
=/81-9 
j = V/72- 8.5 m (approx.) 
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b) When mass т is released from rest, the heavier mass M loses 

уд, potential energy and it strikes the wall with velocity v and the 
string remains stretched and this is shown in Fig. 16. It increases 
the kinetic energy of mass M and increases the kinetic and poten- 
tial energies of mass т. 


Fig. 16 


Decrease in potential energy of mass 
M=Mg х1 
-20xgxl 
=2g where g=9.8 ms? 


Increase in kinetic energy of mass M= Me 


= E x20x» 
=? 
Increase in potential energy of mass т = mg(/ 5-1) 
| = 25-1) 
* Distance through which mass m is raised 
= AB-- BC- AC 
=lt+V 5-2 
=(/5-1)m 


Increase in kinetic energy of mass m= 


74 


As the total energy must be conserved, the decrease in the poten- 
tial energy of the mass M equals the increase in the potential and 
kinetic energies of both the masses. 

‚ Mgx t= T Маът (VS = D4- pm? 
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NOVAS 
2g =2 + 2 (5-104 4 


or 55 -42- w=] 


2 9.8 -5 
or ОЗМ, 
ог v= 3.3 ms~! (approx.) 


7. (а) (i) The distance of nth bright fringe on the screen from central 
maxima is given by 5 


„àD 
Yn d 


where А is wavelength, D the distance between the plane of slits 
and screen and d the distance between slits. 


3AD 
PR 


3 x 6500 x 10-8 x 120 
n 0.2 


70.117 cm 
(ii) Let the nth fringe of wavelength An coincide with the mth 


fringe of wavelength Ат for the same distance, y, from the 
central maxima 


Thus т\һр 
ے‎ 5 × 5200'x 10-8 120 
Sixt (je qum 
70.156 cm 
Or 


(a) (i) The Атаја electron in Li** between the first and 


979 


—— 


s o ML nd 
“= 136 xo(- x) a 


CEPI 
e A Se x 10-19 joule 


no E-Ee-1.6xz(l 1 
G À fin a ji {- ARE ' 
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Therefore, the equivalent wavelength A is given by 
he 
Ез m E = A 


hc 
a UTERE, 


_ 6.6 x 10-34 x3 x 108 
713.6 X 8x 1.6 x 10-19 
= 1.137 х 10-8 m 

= 113.7 A? 


(ii) The following three spect- i LES 
ral lines are observed 
due to the following 
transitions (Fig. 17): E 


3rd to 1st orbit 
3rd to 2nd orbit 
2nd to Ist orbit E 


Fig. 17 


(b) The total time of flight of the masses will be equal to the sum of 
the time of flight of the masses till they collide, the time taken to 
reach maximum height by the coalesced masses and the time 
taken for the two masses to fall freely to the ground. 


Let y, be the distance travelled by the ball moving vertically 
upwards and y» the distance travelled by the falling ball in the 
same time 7 till these collide such that 


Mty2= 98 m 
2491-5 x98 x2 
= 49t- 4.912 
and yo2=0xXt+ 4 x98x0? 
= 4,972 8 
J+ 9= 98 20104 
ог 1= 2 sec (i) 
The velocity of the ball moving upwards at the time of collision 
2 =49-9.8 x2 
= 29.4 ms} ; 
The velocity of ball moving downwards at the time of collision 
2=0+9.8 х2 
= 19.6 т1з-! 
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As v; in the upward direction is larger than v; in the downward 
direction, the total mass of 200gm will move upwards with 
velocity v3 such that 


200 x v3 = 29.4 x 100— 19.6 x 100 
=9.8 x 100 
Therefore, the velocity of total mass of 200 gm moving upwards 
7749 mst 


Time taken by the 200 gm mass moving upwards with velocity 
v3 to come to rest 


r = 93, 
4.9 а 
ra m 0.5 s (ii) - 
The height reached by mass of 200 gms till it comes’ to rest is 
given by 
3 (49? 
2g 2x9.8 
4.9 
= Tan = 1,23 m 


Height at which these masses collide is given by 
J1749t-49 x12 
-249x2-49x4 ' 
=78.4m i 
2 Total height from which the coalesced mass of 200 gm falls 
= 78.44- 1.23 


779.63 m 
pos on for the total mass of 200 gm to fall freely from a height 


r [2h_ [2579-63 
1 J ry ga 4.03 5 (iii) 
.". Total time of flight of masses = 1+.’ 4.7” : 


x .-=24+0.544.03 — 
swe o =6.53.5 
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CHEMISTRY 


PART A 


1. (i) (B) spectrum of an atom or ion containing one electron only 
(ii) (A) NO 
(iii) (D) KNOsaqo + NaClaq) = KClaq + NaNOsaq) 
(iv) (D) inversely proportional to the square root of its molecular 
weight 
(v) (B) the relative lowering of vapour pressure is equal to the mole . 
fraction of solute 
(vi) (O Pt | Hg)  |HCl(soln| ^ AsCKs9|As 
(vii) (B) 10-13 (cm) 
(viii) (D) phenolphthalein (8 to 9.6) 
(ix) (A) KNO; 
(x) (B) Na202 
(xi) (D) Na;SO4- 10H20 
(xii) (C) SO2 
(xiii) (А) МН; 
(xiv) (А) ethyne 
(xv) (C) diethyl ketone 
(xvi) (C) but—2—-ene 
(xvii) (C) BeCh 
(xviii) (A) toluene 
(xix) (D) heated aluminium oxide 
(xx) (B) radio wave 
2. (a) (i) Aqueous HCI, being an ionic compound, is a good conductor 
of electricity. However, anhydrous HCl, being a covalent 
compound, does not conduct any electricity. 

(ii) O-Nitrophenol contains intramolecular hydrogen bonding 
whereas no such bonding is present in p-nitrophenol. Hence 
only O-nitrophenol is steam volatile. 

(їй) The methyl group present only in acetic acid is electron releas- 
ing whereas formic acid does not contain any methyl group. 

(iv) In the case of graphite, which has а layered structure, one 
layer slides over another owing to friction, overcoming the 
weak Van der Waal’s forces between layers and making it 
lubricative. Bol ‘ 

(v) It is because the element fluorine is most electronegative in 
character and hence cannot be prepared from its fluorides by 
chemical oxidation. ^ Е ( 


(b) (i) concentration of the reactants 7 
(ii) Sp? 

.» (iii) electronegativity Hod «d 
(iv) eight а 
(у) The solution has solvated electrons 
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3. (a) (i) False (vi) True 
(ii) False (vii) True 
(iii) False (viii) True 
(iv) False (ix) True 
(v) False (x) False 


(b).().02- > Е- > Nat > Мр2+ 
(ii) Na202 < MgO < ZnO > P205 
Gii) Na < AI < Mg < Si 
(iv) C2HSCOCH; < CH;COCH; < CH;CHO < HCHO 
(у) Na < О; < Fa < Ch 


4. (а) (А) spinel, (i) МвА1›О, 
(В) feldspar, ' (ii) KAISis0, 
(C) cerussite, (ii) PbCO, 
(D) malachite, (v) Cu(OH);-CuCO; 
(E) kisserite, (iv) MgSO,- H20 
(b) (F) liquid air, (viii) Claude process 
(G) Ма›СО;, (x) Solvay process 
(Н) nitric oxide, © (ix) Ostwald process 
(Т) silver, (vii) Perke process 
(J) chlorine (vi) Deacon process 
(c) (K) phenol, (xiv) antiseptic 
(L) Na2S203, (xii) antichlor 
(M) salicylic acid, (xv) analgesic 
(N) quicklime, (xiii) refractory materia) | 
(О) CuO, (xi) coloured glass : 
(d) (P) Aston, (xx) mass spectrum 
-| ©) Priestley, i (xviii) oxygen 
^ (R) Ramsay, ^ бт (xix) inert gas 
(S) Marie Cities sic og, OD PIDE 


(Т) Becquerel, — | (xvii) radioactivity 


Fet 
т B 1 1 pov j үч 
iin, д nodi ТЫ iar PART B 
o i Gi were йз "en 
JÎ 5 (a): Itis“ because ound à io i 
ems pen vida Нало Ошетом Slectronio Configuration 
4 (b) Чеп! 1% ot trig 235 | 
(Су three pi bonds arid twelve sigma bonds 
(d) the resonance Structures for nitrous oxide are: 


Мемо S N=N+ 0- 


1 1 tri 


and butanal аге different’ because 
ing Whereas no such bonding occurs 


sy! 
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6. (a) 
сн; 


OF 


Fig. 18 
(b) (i) In order to distinguish between 2-butyne and 1-butyne, they 
are treated with an ammonial solution of CuSO4. Only 
I-butyne reacts whereas no such reaction occurs with’ 
2-butyne. 
(ii) In order to’ distinguish between methanol and ethanol, we 


perform iodoform test with them which confirms the presence 
of ethanol. 


(c) Two possible isomers of dichloroethene are: 


He ere agat Rhos img 


C=C = { 
ct “Уд Ww a 


ti) qii) 
Fig. 19 


Only (ii) has zero dipole moment. 


(d (i) 
(oj 


Fig. 20 
(i) HaC- CH;-CH =C- CHO 
ГЕ, 
(iii) CHI; 
(е) 
нн; МІ a 
(i) NaNO; Lore 
HCl ~ CuCl 
Fig. 21 
H2SO4 
Hg 


(ii) HC=CH 5 сњсно Heating wit, CH,COCHs 
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7. (а) (i) 2KCIOs-- H2C;04 + H?S0, — 2ClO2+K2S0,+2C0,+ 2H30 | 
(i) 2KMnO,-- MnO» + 4KOH — 3K2MnO, + 2H20 

(iii) 2Саз(РО;)2 + 6Si02 + 10C — 6CaSiO; + 10CO + P4 | 

(iv) K4Fe(CN)¢+6H2SO4+6H20 — 2K2S0,-- FeSO,+6CO | 

4-3(NH4)SO, | 

(у) (NH4)2S04+ NO+NO2 > H380, + 3H20 + 2N; | 

(b) (i) Sulphur dioxide is reduced to sulphur and hydrogen sulphide | 

1 gets oxidised to sulphur. ] 

(ii) When aqueous ammonia is added to a solution of copper | 

sulphate, bluish white precipitates of Cu(OH) are formed ! 


which then result in the copper ammonia complex having 
deep blue colouration. 


(iii), When tin is treated with concentrated nitric acid, HNO; gets 
reduced to NO; and tin is oxidised to HSnO,. 
(iv) Precipitates of Cr(OH); having green colouration are formed 


which ultimately dissolve to produce a yellow solution of the 
chromate. 


(v) It forms PbO; and Pb(NO;);. 
8. (a) Volume of silver deposited = area x thickness 
= 80 x 0.0005 
= 0.04 cc 
Mass of silver deposited = volume x density 
= 0.04 x 10.5 


=0.42 g 
Atomic mass of silver = 108 
Amount of charge required to deposit 108.g of silver = 96,500 C 
Amount of charge required to deposit 0.42 g of silver | 
З 96, 5000.42 sgh С | 
As current = charge/time 
time required to allow'a current of ЗА = 375 


ius A n 2-013 8125 Sec 
nol femi een of hydrogen ion (H*) after adding 


[HCOOH Jina = 0,2 ~ x | 
[HCOO-]ra,i- [HCOO-] due to the dissociation of |! 
HCOONa +[HCOO-] due to the | 

dissociation of НСООН | 

0.756 | 

Substituting these Values, we get | 


24x 10-4 XQ a) 
| 2-х 
02-x 
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or 0.2 x 2.4 x 10-4— 2.4 x 10-4x = x x 0.75 +x? 
or 0.2 x 2.4 x 10-4=0.75 x x 
a v 0.2x2.4 x 10-4 (neglecting x? and 2.4 x 10-4x, 
0.75 which will be very small) 
= 0.64 x 10-4 mol/litre 

As pH = – log [Н+], pH of the solution will be given by, 

pH= - log [0.64 x 10-4] 

pH=3.2 


9. (a) Root mean square velocity C is given by C= Ae —— , where P is 


the pressure, V the volume and M the molecular weight of 
the gas. 


Using the gas equation, I - 5 , the volume of Ozone at 
1 


20°C, Изо, is given by 


PWT% 76 x 22400 x 293 
“Pah uo 825027317350 


= 2.28 x 10* cm? (i) 
Pressure of Ozone at 20°C, Pz, will be given by 
Po = 82 х 13.6x981 (~ P=hdg) 
= 1.094 x 106 dynes/cm? 
Substituting these values of P2 and Ул, we get 


б- үзе киы 


V20= 


= 3.9 x 104 cm sec! 


(b) Н, > 2H, 4H = 104 К cal mol”! (i) 
Ch > 2Cl, 4H=58 K cal mol" (ii) 
HCI -> H+ CI, 4H=103 К cal mol"! (iii) 
o (i) and (ii) and subtracting 2x (iii) from the result, 
et: 


H2+Ch-2HC1 > 2H +2C1- 2H - 2Cl; 
AH = 104+ 58 – 206 
= —44 K cal mol! 
or H+ Cla > 2HCI, АН = – 44 K cal mol"! 


о lmolowg > HOB, 48- -7 


= —22 К cal mol! 
Thus the enthalpy of formation of НСІ gas is — 22 K cal mol-!. 
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(c) The given chemical reaction is: 


А8) + Вир) = 2AB(g) 
Total volume under consideration = 3 litres 


Initial concentration of A before reaction, [A] = Y mol litre! 
Initial concentration of B before reaction, [B] -2 mol litre-! 1 
Suppose x mol litre-! of 4 and B have reacted. Then, 


' 4Xg + Вв) е 2AB(g) 
Initial concentration: x x 0 


Final concentration: (5-3) G -х) 2х 


At equilibrium, K= 2)  — 


But K=50 
: 4x2 
50 d түз 
3 \(z- ) 
36x2 
м 0 50501239035) 
or 36x? = 50(2— 9x + 9x2) 
or 450x? — 450x — 36x2 + 100 = 0 
or 414x2— 450x +100=0 
or 207x2- 225x +50=0 


Solving this quadratic equation, we get 
x= 2251 (225)2—4 х 207 x 50 
2x207 Fe 
_ 2254-96 
414 


=0.78, 0.3 
If x=0.78, 


[42] = + ~0.78 


21-234 
3 
. 9-045 
$ Which does not make any sense 
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10. (a) The total volume of the solution formed = 2 litres. 
Let x ml be the volume of H2504 used for making the solution. 
g litre! 


Strength of sodium carbonate solution = ————-— 
; Eq. wt. 


429x10 1 


Strength of the acid mixture = —773—— * 30 


According to the data given in the question, 2 litres of the acid 
mixture comprises 5 ml of 8 N nitric acid, 4.8 ml of SN hydro- 
chloric acid and x ml of 17 M sulphuric acid. 

5x8 48x5 17x2xx АИ 

2000 * 2000 * 2000 10 


D. 3 5 MEE 


i 30 + 250 ^ 2000 ~ 10 
40+24+34х _ 
or 2000 =0.1 
64+ 34x 
= “2000 9! 
or 34x = 200 — 64 
= 136 
136 
or x= 34 =4ml 


Thus only 4ml of sulphuric acid has taken part in the acid 
mixture solution. à 
Amount of sulphate ions (SO4 ?) in the acid mixture 
solution = 17 х4х dog) 
5 6528 
1000 
=6.53 gm 
(b) Asthe graph of logarithm of partial pressure versus time is 
linear, the parameters that can be obtained from the graph are: 
(i) specific reaction rate, and (ii) order of reaction. 
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MATHEMATICS 
PART A 
l. (i) (D) none of these 
(ii) (A) AP 
(iii) (C) 0 


(iv) (B) are similar 
(у) (A) (2, оо) 
2. (i) (A) p+q+r=0, (B) р2+42+ғ2 pq+ qr + rp, (C) p + q? +r? 


= 3pqr 

(ii) (C) f(x) is not differentiable at x = 0 

Gi) (A) | ж. |=1, (В) | w;| 1, (С) Re (wi) = 0 
3. (i) False 

(ii) True 

(ii) False 

(iv) False 

(v) True 

(vi) True 
4. (i) zero 

(ii) -1 

Gii) P(A) = P(B)- Р(АГ\ B)- P(AU B) 

(iv) zero 


(у) m^ |n 

(vi) (5, со) 
(vii) arithmetic 
(viii) 8 square units 

GINS fon ESSO E 
(ix) 31 " 31 ЗЕ 3k 

(x) first 

(xi) (-2, 1), [- Б 1] 
(кій) 2. 
(xiv) xt уг x 9 


PART B 
5. Let P(n)« 2.7943. Sn 5, 
Substitute nel, 
Ра)=2.71+3.5—5 
4 = 24. . 
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which is divisible by 24. 
SE the identity be true for n=m. 


P(m)-2-7"4-3.5n- 5 
which i is divisible by 24. 
Consider the expression for п=т+ 1. 
P(m4-1)-2-7m 4 3.501 — 5 

22.7n.714:3.5n.51—5 
Thus JP(m41)- P(m)22-7n.71 + 3:5n. 5! =5-2.7"-3:5"+5 

22.7n.64-3.5m.4 

= 12(7 + 5m) 
But 7" and 5" are both odd and the sum of two odd numbers is even. 
Thus (7"-+ 5") is divisible by 2. Further, the difference between 
Р(т+ 1) and Р(т) is divisible by 24 and P(m) itself is divisible by 24. 


Thus P(m +1) is divisible by 24. From the principle of mathematical 
induction, the identity is, therefore, true for all n e I and n > 0. 


6. (i) 
712 x sin x cos x dx 
Let = S eI Read УЫ ыш 
s р [, cost x + sin* x 


Using j 
f. Д(х)ах= f fla- x) dx 


т т 
Hr pu X -x) sin (3-2) cos (5 -x) a 
x cos* (3 -»)+sin (5-2) 
т 5 
o (5-2) 08 x sin x dx 
E: f. sin x + cos* x 
Eton [Er 
o sinéx-cosx Jo sin? x+costx 
m ("2 sin x cosx dx _ 
x 0 sinê x + COSX _ 
Mm 
Be: 


2 


or 
o Sin*x--cos* x 


ims "l2 sin x cos x dx 

4 o 1—2 sin? x cos? x 
en ? sin x cos X dx dx 

mu pu oM 


m m2 ito: 
2), 1+(—sin? 2x) 
пулат. 2 sin 2х dx 
4 Јо 1+с0522х 
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Put : cos 2x - f 
or ~ 2sin 2x dx = dt 
when х=0, т=1. 
when х= Fe t=-1. 
Thus, 

m f- -dt 

74), Xix8) 


=- glanio 
= -5 [tant (= 1)- tan”! (1)] 


№, sls оњ 1(1]= - sr 2x 7/4] 


Сыз 
16 
Непсе, 
"2x sinxcosdx 42 
f. sin* x cos x ^16 
6. (ii) Let ї- | 1-Ух 
Gi \ lave 
Substitute 
^/ x 5sin 0 
EN oo 
Thus, 


1- JE x2sn Boos op 
“EW. oe 
Ў - | ~ cosg х2 sin 0cos 0 do 
=2 [cin 0 — sin? 0) do 
=2 sino m-2 Oy 
= -2cobó- [a- 9525 ae 
> Op é 


= -0- рда 


Where C is constant ofi Integration, 
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Thus, 
T= – sin! мх-2уї-х+ухуї-х+6С, аѕ 
sind=~/x 
7, Suppose / is the length of the ladder. 


Wall 


7 7 
Ground P а 
Fig. 22 
From Fig. 22, 
ОО =! cos В 
OP-lcos« 
sn OQ — OP - 1 (cos B — cos а) 
or a=] (cos B —cos a) (i) 
Similarly, 
OS-lsin« 
OR=1 sin В 
° OS- OR=! (sin« -sin В) 
i b=1 (sin «= sin В) Gi) 
Dividing (ii) by (), ` 
aris (cos B — cos x) 
b (sin«—sin В) 
.[uBY.. («—B 
&4BY.. [«-B 
2 ( 5 ) sin ( 5 ) 
ог 2 = tan (232 
Thus, 
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8. (a) Let the given determinant be written as 


хс, хс 1 хс, +2 
4= Jc, JC. Ус, 
2с, 26,4 26,42 


Operating C»-- C; and C3+C and using 
nc, FIC, =п+ lc 
and "с. t0, 27 п+1с, 


the given determinant successively reduces to, 


хс, *+1¢,, x+ leya 
4=| ус, »*le,, Ile, 
2с, z+ ley, z+Ic,,, 
ЖоКе, *+2с, 
| tle (2c, 
2с, Zt+lo,, 2+2 
Thus, 
с, Xe X645 
| уе Ус, LE ^ 
2с, 20,41 26,45 
хс, dual Eng X2, 


of the circle lies on th ; i 
sector of AB. Theref 1 е perpendicular bi- 
= шүн — 1/0 as тА f Quation of the perpendicular bisec- 

18. 23, 
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-1 
y-4-Zg 6-1) 


»>х=1 
as 4y=x+7 
1+7 


Therefore, the coordinates of the centre of the circle are (1, 2). 
Let the coordinates of D be (a, 5) 


a+5 7 
a 1 or а= – 3 

and 52 -2 or b=0 

Thus, the coordinates of D are (=3, 0). Using the distance 


formula, 
AD- VC 3+3 4 (4-0P 


=4 
ENCES ETE 
=8 


Area of rectangle ABCD = AD x AB 
=4x8 
= 32 square units 
9. Let us find the point of intersection of the two curves (shown in 
Fig. 24). ? 
у= |х-1| 
апа у=\/5— 


For x-1 20, ¢ 

|x-1|-x-1 (It will also include solutions for x-1|21—-x) 
> x-124/5-xÀ 

or x2—2x+1=5-x? 


or x2-x-2=0 which givesx=2 -1 
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e y=|2-1|=1 
and y=|-1-1|=2 
Thus the points of intersection are (2, 1) and ( — 1, 2). 
If y=0 where = ya4/5—x2 
then 5-х?=0 > х= 44/5. 
If y=0 where y2|x-1], then х= 1. 
If Мз E Uie aam. x2 + у: — 5. 
-This is а circle with radius 4/5 . 

Area ABCD= |? 5F dx 

Area of JADE- Û x2 x2 
72 square units 


Area of ABCE = x 1 x 


= square unit 
Let us now find area ABCD by solving 
J Мз. 
Consider i Г Мал 
-1 


Put х= V5 sin, dx - /5 cos 0 qp) 


| rp (V3 sin? 0) /5 cos 6 qo 


5d (Limits of integral are still in x) 
SUDAN r1 SES К 
=5 ! dà: s[? (1 +cos 26 


ST ^ sin20B | 
A 


0 


бк em 
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2 1 
M5 М5 5 


2 1 
sin-! —— --sin^! | +2 
EA v5 M5 
Required area AEB (shown shaded in Fig. 24) 
= Area ABCD - Area ADE — Area ВСЕ 
SN s 2 З 1 1 
=| sin! —— -sin-! me — 
2 [ V5 V5 2 


= {5 [o E t sin-! =] = il square units 
2 V5 V5 5 2 


. (S+ 24/63 4 (5-2,/6)7?- 10 (i) 


Put 54+2\/6 =t and x?-3=y 
then (i) can be written as 


Iw 
+) = 10 


= ‘5- 5-2v6. 1 
75424/6 (SE: 5-2/6 
УУГА 


or z2—10z+1=0 . where 2= D 


because 


=5-2\/6 


= eh OEV T0054 РЕ ae 
Take y=5+2V6 
or (5424/6) = (52/6)! 
or (542V/6yP3-(5432V6) (7 у=х2- 3) 
=> х2-3=1 
>x2=4 or х= 2. : E 
Again, ) 


2 =5 2$ 5c 
des = Д 
or G*2V8Y 33578 ٤ 5-276 = з) 
ог (542VE pinta G42V бр | 
pean SPE ar ee е 1 Res і у= 2-3) 
=. 1 Р n x2-220 1-1; ; 
or ! : х=+У2 е 


Thus the roots of the given equation’ аду 2 ye Ж 9 
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11. The equations of the given lines 


| 
! 
| 
irs 4 
and у=71х+3 8 n C 
1 


A(0, 0) 
are 
Thus the equations of bisectors 
of given lines are given by: 
y-x-2 y-7x-3 D | 
———=+ aim | 
v2 У50 Fig. 25 | 
оц у-х-2_ +22-7х-3 | 
U51 5 | 
which gives | 
S(y-x-2)= +(у-7х-3) | 
ог 4y= -2x47 
or yeu gi. (i) 
2 4 
Also 
S(y-x-2)= ~(v-7x- 3) 
or 6y=12x+13 
or js 2+0 (i) 
Slopes of these lines represented by (i) and (ii) аге m and 2 respecti- _ 
vely. : 
Slope of 40= 18.2. 
As the diagonals of a rhombus bisect each other at right angles 
1 д 
2-а= ia or 2 
For (2-a)- -4 ! i 
or 4-2a- – 1 
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@ Gi) Gii) (v) 


Man's men relatives 0 1 2 3 
Man’s women relatives 3 2 1 0 
Wife’s men relatives 3 2 1 0 
Wife’s women relatives 0 1 2 3 
Number of ways in case (i) =4c, x 4с, 
4 |4 
= SS X = 
Bx Bx 
=16 
Number of ways in case (ii) = 3с, Х 4c,X 4с, X Зс, 
3x toy 3 
"rel" 
=3 x (6)?x 3 
= 324 
Number of ways in case (iii) = 3c, X 4c: X 4c, X 3с, 
23x4x4x3 
=144 
Number of ways in case (iv) =3c, X 3с, 
=1хїЇ 
=1 
Total number of ways required = 16+324 = 144+1 
= 485 ways 
13. As AD is ће median, 
BD = DC=x (say) (i) 
d Ux ВЗ C 
Fig. 26 
Using the sine formula in triangles ABD and ADC, we have 
x AD i 
Gin 49 ^ sin a 
(iii) 


К.Е ЛАВ alias 
sin 30° sin (105° - 0) 
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From (ii) and (iii), 
„ AD sin45° 4D sin 30° 
F sin@ ~~ sin(105°— б) 
1 1 
hi V2 sin ` Z sin (105°— 0) 


or sados je 7. sin 0 
or sin 105° cos 0— cos 105° sin 0 = oF sin 0 


or sin 0 (1--4/2 cos 105°)= 4/2 sin 105° cos 6 
= VŽ sin 105° 
* S Tor TOR 
+ sin (105°) = sin (60° + 45°) ; 
= sin 60° cos 45° + cos 60° sin 45° 
VS MAC. d. 


cos (105°)= cos 60° cos 45°— sin 60° sin 45° 


ape VE 1 _1-у3 
4.2 CT JT 


Substituting these values in (iv) we get, 


м2 „УЗ +1 
tan 0= cce 
3 
1+5 x» 1-N/3 Gu 
~V34+1 А _4У3 +6 
ЗЕ х БО RT 
2243 
D Ap eed 
i 3 
Refer to Fig, 27, M 
PR=3+(244/3p 
=3+4+3+4\/% 
710-44/3 
e PR- VOTEZ 


` Sin Om. 2-43 
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From (i) and (ii), 
BC=2x 


AD 
54 sin 0 


x sin 45° (^ ар 


ыу) 
„ 10+43 
-2x( چ‎ Urt. 2/3 x75) 


(ntes SEIS AINE 
V11= 64/3 VOY y 
ok M 5424/3 
z yl- 64/37 + 44/3 
-2x( Jf 5423 ens) 
V71+444/3 -42 /5 – 72 
-(V25)- 22x1-2 units 
5323 
14. Equation of the curve is б 
y=cos (x+y) (i) 
Differentiating wrt ‘x’ 


dy . dy 
d —sin (x+y) (1+ 2 


or % (1+sin(x+y)}= -šin (x+y) 
дуў sin (x +y) ay. 
m dx I-sin (x+y) Gi 


Since the tangents are parallel to x+2y=0 0r y=-5 5 (бїоре= -1/2) | 
their slopes must be equal. 
—sin (x+y) _ 


1+sin(x+y) 2 


E 
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or 2 sin (x+y) = 1 +sin (x+y) 

or sin (x+y)=1 

сов (х+у)= уа Ep) 
=МЛТ-(17=0 

From (i), 


у=0 as sin (x+y)=1 


- pow 
or асо 


x=nn+(- 1} 5, nel 


Бог n=0>x=0 
3 т 
‚ Рог nal =» tm 
For п=2 = x= €] - In, 25] 
For 3” 
пт =1> х= کک‎ 
2 
For П=-2х=-— = 
For бт 


п=3 +> ҳа 5 3 


Thus x= and -F are only permissible as —2r € x «2m. 
Thus the points on the curve are (7 J 0) and (57, о). The equa- А 
tions of the tangents are given by 

4 »-0=-5(x- 5) 


: Hed 


or 4yt2x-740: 
Also, | ; 
MEI Зл 
y-0 32 = 
2у= iq. 
or 4942x430 0 
Thus the required equations of ts are given by: 
4у+2х-т=( 
4у+2х+3т=әб 


* 


pe `+ 


15; 
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f(x) = sin? x +A sin?x (i) 
Р(х) = 3 sin? x cos x 4-22 sin x cos x 
—sin x cos x (3 sin x 4-22) 


EC =a sin x 4-22) (ii) 
For extreme values, f’(x)=0. 
is sin 2x =0 and 3 sinx+2A=0 (iii) 
Thus, 
sin 2x=0 
> 2х=пт 
> x=0 forn=0as —-у «x4 
Again, 
3 sinx+2A=0 
> sinxe Asano. Ce linaj >1< [S] D 


Thus the two equations in (iii) would’ be identical for two distinct 


critical values in — T <x 3 for AE(— 3/2, 0)U (0.3/2). 


Differentiating (ii) wrt x we get, 
a 2x 


f" (x) = соз 2x(3 sin x +2۸) + (3 cos x) 


| or purs sin x cos? x 


16. 


= 3 sin x(1 2 sin? x) 4-2X(1 — 2 sin? x) +3 sin x(1 — sin? x) 
= 6 sin x — 9 sin? x — 4A sin? x -- 2A 
Therefore for sin x = 0, f*(x) = 2А; and for 


sinx- -Z p= —2A (-$) i 


As f"(x) has opposite signs for sin х= 0 and.sin x= — 2 for all AE 


(-3/2, 0)U 0, 3/2), therefore, there lies exactly one maximum and 
exactly one minimum in the interval above. 
hiec T 


DX y rm ++ аро m terms | 


7 

-XC 1y ye +Ў\ C D aa AOA 
n 2m—1 n is 
Tee + Ecrve() { @ 


54 Model Solutions 1985 


" 1 
Consider i lye, F 


r= 


1 1 | 
= (= 10 906 (= Disc, 2r HOD "Ga ed 
1 1 
=l-n~x z+- D +... 
1 h 


Similarly, other terms in the expression can be simplified, and there 
fore (i) can be written as 


Tod 1 
Umm +. +a 


Using a+ ar arii дуз + areal”) 


1 
m 
I 1 
»(-5) 
21-1 
MO ack 
KT 
acc ZW das. 0, 
21-1 Tm 1) 
Thus the sum of the given Series, 
G Dmi] 
= Domi) 2s 
17. LORE 
F(t) = 32 2541 
for f'()=0 > tn 2h AN 12 or = 08 
At rore, only the end points need be checked 


dt=] 7 f@)=1-141+41 <2. 
КЫДЫ) 7 (х) = Гапа =2 “1: 
"hs 8(x) 22 at x 1. 
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As right-hand limit = gx) =left-hand limit=2; g(x) is a conti- 
КЫ 
nuous function at x= 1Є(0, 2). 
Let us now check the differentiality. 
g'(x) (for 1 < x € 2)3 =1 


= right-hand derivative at x = 1 
/'(х)= 3х2-2х+1 


1 

At x= T 
f'G)e 3x. -2 nia 
4 2 
-3 sp 
The function f(x) is, therefore, increasing in (0, 1). 
Thus, 
м O< x <1, а(х) =х3-х2+х+1 

= g'(x) =3x?-2x+1 
Atx=1, 


g(x)-3x1-2x141 
=2 
Thus, right-hand derivative > left-hand derivative, Therefore, the 
function g(x) is not differentiable at х= 1Є(0, 2). _ 

18. The candidate may tick one or more of the alternatives. As each 
alternative may or may not be chosen, the total number of possibili- 
ties at his disposal are given by: 3 

24-1=16-1 
=15 
Therefore, the probability that the questions are correctly answered by 
the candidate is 1/15. 


However, the candidate may be correct on thefirst, second, third or 
fourth round. As these events are mutually exclusive, total probabi- 


lity will be given by: 
1.14 1.14, 13. 1 
15*15" T 15" 14 "13 
Too eid 
“15715 15 
3 
15 
8 
eS 


Thus the probability that the candidate will get marks in the question 
is 1/5. ? ! 1 
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ENGLISH 


PART A 


1. ` (i) imminent 
(ii) artiste 
(iii) complement 
, (iv) tortuous 
(v) intuition 
(vi) responsive 
(vii) Barring 
(viii) facets 
(ix) recurrence 
(x) brutishly 
(xi) deference 
(xii) cowardly 
(xiii) incarnate 
2. (i) has been 
(ii) would enjoy 
(iii) have been 
(iv) had been solved 
(v) came 
(vi) were eating 
(vii) meet ^ 
(viii) would have been 
(ix) is/was pleased 
(x) was surprised 
(xi) had worked 
(xii) are being discussed 
3. (i) You should know that I insulted neither him nor anyone else 
who came with him. 
(ii) Our chairman should be liberal rather than strict. 
; Or 
Our chairman should be more liberal than strict. У 
(iii) ies he is looking for is a wife. (It does not need any corre 


É———— 


(iv) Your milk is getting cold, drink it up quickly. 
(v) toe of the books which you seem to have read have become 


(vi) His plans were known to everyone in his office. 


(vii) Would you bring me ^w thr that you 21 
going te eon o or three bananas now 


(viii) Strangely enough; it was the thief who needed protection from 
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(ix) I don't care whether or not your car breaks down. (It does not 
need any corrections). 
(x) I will devote myself to helping the poor and the downtrodden 
of my country. 
4. (i) De. demanded (of him) why he didn't work hard enough for 
er. ne. 
(ii) The Holi celebrations should not be made an excuse for rowdy 
behaviour. 
(iii) Few of the leaders of our time have been as good as Surya. 
(iv) This grammar is too difficult (for us) to understand. 
(v) Shyam exclaimed with happiness that it was a marvellous 
dinner. 
(vi) He died rich. 
(vii) Rajiv is fun to be with. 
(viii) Hasn't she? 
(ix) Hardly had I understood the problem when he hustled me into 
giving my views. 
(x) The committee are divided on this issue.. 
5. Of course, the memory can be improved. 
It can be improved by anyone with normal intelligence. 
Moreover, the methods by which it can be cultivated are all founded 
on practical common sense. 
Every experience in life makes an impression on some of the cells of 
the brain, or other nerve centres. i 
One part of the problem of memory improvement is to emphasize 
these impressions. 
The other part involves filling them away in such an orderly manner 
that many will remain intact. 


PART B 


ded on the criteria of (i) relevance of subject matter, (ii) control over 
language and (iii) organization, which involves. the developmen 


getting good marks ій ‘Part В’ answers should be brief and relevant. Above 
all, the candidate must have a good control over the English language, 


VU 
И; 


i og he 
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QUESTION PAPERS 


PHYSICS 


Time ALLOWED: 3 HOURS Maximum Marks: 100 - 


N.B.—(1) Answers must be written in English. | 
(2) Figures in brackets on the right hand margin indicate marks for 
the questions. 
(3) Answer to Part ‘A’ must be given only on the first six pages of 
the answer-book in the order in which the questions appear in the 
question paper. F. 
(4) Answer to each question of Part ‘B’ should begin on a fresh 


page. 
(5) Answer all parts of a question at one place. 
(6) You are advised not to spend more than sixty minutes in 


answering Part ‘A’. 
Useful physical data— 


Velocity of sound in air= 340 m/s 
Velocity of light in vacuum = 3 x 108 m/s 
Acceleration due to gravity (g)= 9.8 m/s 
Planck's constant = 6.6 х 10-?* Js 

1 eV21.6x 10779 J 

ро= 1.26 x 10-6 H/m 


par” 109 N m?/C? 


тєр 

Mass of proton = 1.67 х 10-27 kg 

Mass of neutron = 1.675 x 10-27 kg 

Specific heat of water = 1.0 kcal/kg/^C 
Latent heat of steam at 100°C = 540 kcal/kg 


PART A 
rast Marks 


1. In each of the statements given below several. alternatives are given. 
In some cases more than one alternative is correct. Sélect the correct 
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alternative(s) in each case and write down the corresponding letter(s) 

A), (В) p or D in your answer book. For each part marks will 

Pe Зу are selected and 

wri (2 x 10=20) 

(i) The dimensions of the quantities in one (or more) of the following 
pairs are the same, identify the pair(s ). 


(A) Torque and work 
B) Angular momentum rede 
“> © (С). Energy and Young’s modulus 
Ж ق‎ (b) ДАА and wavelength. 
(ii) A ball hits the floor and rebounds after an inelastic collision, In | 
this case: 


(A) the momentum of the ball just after the collision is the same _ 

as that just before the Collision. : 

(B) the mechanical energy of the ball remains the same in the 
collision. с 

(С) the total momentum of the ball and the earth is conserved. 

(D) the total energy of the ball and the earth is conserved. 

(iii) A. shell is fired from a cannon With a velocity V (m/s) at an angle 

9 with the horizontal direction. i i 


; ft 
(A) 3 Vcos ө (B) 2 V cos 8 (C) 3. V cos 8 


(р) x» V cos ê 


(iv) A reference frame attached to the earth 

(A) is an inertial frame by definition, : 
Can not be an inertial frame because the earth is revolving 
Tound the sun. , 

(C) is an inertial frame because Newton’ 
this fram ( 
can not be an inertial fi 
about its own axis, 


hay angular limits -$ а 
i Н ; nt » the tension in 
String and the velocity of the bob A | | < $) e ensi 
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calorimeter of water equivalent 0.02 kg at 15°C till the tempera- 
ture of the calorimeter and its contents rises to 80?C. The mass of 
the steam condensed in kilograms is 


(A) 0.130 (B) 0.065 (C) 0.260 (D) 0.135 


(vii) Two thin long parallel wires separated by a distance № are carry- 
ing a current i A each. The magnitude of the force per unit length 
exerted by one wire on the other is. 

во Hot ої, soscgpy tt 
(A) pa (D О) бар aie ab 

(viii) A converging lens is used to form an image’ on a screen. When 

the upper half of the lens is covered by an opaque screen 


(A) half the image will disappear 
(E) complete image will be formed _ 
(C) intensity of the image will increase 
(D) intensity of the image will decrease 

(ix) A tube, closed at one end and containing air, produces, when 
excited, the fundamental note of frequency 512 Hz. If the tube is 
open at both ends the fundamental frequency that can be excited 
is (in Hz). 
(A) 1024 (B) 512 (C) 256 (D) 128 

(x) The mass number of a nucleus is 


(A) always less than its atomic number. 
(B) always more than its atomic number. 
(C) sometimes equal to its atomic number. 
(D) sometimes more than and sometimes equal to its atomic 
number. 
2. Read the statements carefully. Indicate the sub-division number and 
write down the matter corresponding to each blank strictly in the 


order in which it appears in the statement: (2х6= 12) 
(i) When the number of electrons striking the anode of an X-ray 
tube is increased the...... of the emitted X-rays increases, 


(ii) InYoung’s double-slit experiment, the two slits act as coherent 
sources of equal amplitude 


angle between the two strings is..-.++-. .,. andthe tension in 
_ each string is; «yp №. ue A doy 
(iv) Two simple harmonic motions are represented by the equations 
у= 10 sin (40+ 7/4) and rq 
уз = 5 (sin3zt-- 4/3 cos 371) 
"Their amplitudes are in the ratio of ........ 
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(v) When Boron nucleus (VB) is bombarded by. neutrons, «-particles 


are emitted. The resulting nucleus is of the element. ..... and 
has the mass number. . ... 

(vi) Atoms having the зате........ but different .. . . . are called 
isotopes. j 


3. State whether the following statements are TRUE or FALSE, giving | 
reasons іп brief to support your answer, No marks will be awarded if 
correct reasons are not given. (3 x 6= 18) 


(i) Two. protons А and B are placed in between the two plates ofa 
parallel plate capacitor charged to a potential difference V as 
shown in the figure. The forces on the two protons are identical, 


+ ан 
ар RT 
+ T 
4 = 
+ il 
4 E 
+ - 
+ °в E 
Bu = 
Fis A 
+ T 
* + Lj 
+ AS 
+ fes 
9% i 
$ H 
+ a 
ug 
+ - y 2: 
Fig. 1 


(ii) In а photoelectric emission m 
d 1 Process the maximum energy of the 
p electrons increases with increasing intensity of the incident 
(iii) A block of ice with a lead shot embedded in it is floating on : 
perature of the system is 
n the ice melts completely 


Water contained in a vessel. 
maintained at 0°C as the ice NUES 
à level of water in the vessel rises 
(iv) A coil of metal wire is kept stationar 
eld. An emf is induced in the coil 
(У) A thin uniform circular disc of 


ary in a non-uniform magnetic 
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(vi) For a diode the variation of its anode current J, with the anode 


voltage Va at two different cathode temperatures T; and 72 is 
shown in the figure. The temperature Т» is greater than Tı. 


№ 
Fig. 2 


PART B 


4. Answer any two. 


(a) 


(b) 


(c) 


5. (a) 


Two satellites Sı and S2 revolve round a planet in coplanar cir- 
cular orbits in the same sense. Their periods of revolution are 1 h 
and 8 h respectively. The radius of the orbit of S, is 104 km. 
When $3 is closest to 51, find, (6) 

(i) the speed of S» relative to Sj. 

(ii) the angular speed of $2 as actually observed by an astronaut 

in Si. 

A body falling freely from a given height H hits an inclined 
plane in its path at a height л. Asa result of this impact the 
direction of the velocity. of the body becomes horizontal. For what 
value of (h/H) the body will take maximum time to reach the 
ground? 2 І : (6) 
A thin tube of uniform cross-section is sealed at both ends. 6 
lies horizontally, the middle 5 cm containing mercury and thc 
two equal ends containing air at the same pressure Р. When the 
tube is held at ап angle of 60° with the vertical direction, the 
length of the air column above and below the mercury column 
are 46 cm and 44.5 cm respectively. Calculate the pressure Р {п 
centimetres of mercury. (The temperature of the system is kept ie 


30°C). 
There isa stream of neutrons with a kinetic energy of 0.0327 ev! 
If the half life of neutrons is 700 s, what fraction of neutrons 
will decay before they travel a distance of 10 m? (6) 
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6. (a) 


(b) A part of circuit in a Steady state along with the currents flowing | 
in the branches, the values of resistances, etc. is shown in the 


figure. Calculate the energy stored in the capacitor C (4и Е). (4) 


period of rotatoin), : (6) 
Two tuning forks with natural frequencies of 340 Hz cach move 


(b) M 


Fig. 3 


An electric heater is used ій 


х 4 room of total wall 137 m? to 
Maintain a temperature “of 420°C i al wall area 


а lan the cri ngle for the two Media so that total | 
ternal reflection takes pee. Now ifa transparent slab DEFG 
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the interface (as shown in the figure), show-that for any value of 
пз all light will ultimately be reflected back again into medium II. 
Consider separately the cases і (6) 


(i) n3 < m and (ii) na > т 


Мейит 1 
(71) 
D E 
۲ Am are et TPO TIT umm 
| Medium Ш ; 
| (n3) | 
G IF 
Au Т | B 
| 
1 
I^ Medium Il ! 
Ere ر‎ 
l T E 
| sig (T) 
1 \ 
| a 
| 
Fig. 4 i 
D 1 
CHEMISTRY 
Time ALLOWED: 3 Hours а; MAXIMUM Marks: 100 


Note: (1) Answer must be written in English. i 
(2) Figures in brackets on the right hand margin indicate marks for 
the qùestions. 
(3) Answers to Part ‘A’ must be given only on the first six pages of 


the answer book in the order in which the questions appear in the 
question paper. 
(4) Answer to each question of Part ‘B’ should begin on a fresh page. 
(5) Answer all parts оба question at one place; бошоо sit. 
(6) You are advised not to spend more than sixty minutes in answer- 


ing Part A. { 

(7) Use of CALCULATORS is NOT permitted. Log tables may be 
used. келү 
нхо (CI 


(8) Values of some physical constants: 


'^Avogadro's number = 6.022 x 1023 per mole 
Gas constant = 2 cal/mole. deg = 8.314 J/mole. deg 
= 0.082 litre-atm/mole. deg. : 7 «^^ 4) 
Planck's constant = 6.626 x 10727 erg see. ~ au 
Velocity of light = 3.0 x 101° cm/sec бра м AQ 
1 A= 10-8 cm; Faraday constant = 96,500 coul/equivalent 


Atomic masses OM minos (2 
H=1; C=12; N-14 0=16;oMg=24pc8=32) 


3Q 
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Atomic numbers 


Hel C-6 М=7; O-8 F=9; Ar-18; Са=20; 
Mg=12; $-16; Cl=17; CO=27: Sn=50; Hg=80 


PART A 


1. Foreach sub-question given below four answers are provided of which 
only ONE is correct. Write down the correct answer on the answer 
script as illustrated by the following example: 


[The pH of pure water at 25°C is close to 
(A) 2 (B) 7 (C) 10 (D) 12 
The answer is to be given as [B] (1 x 20=20) 


(i) Rutherford’s alpha Particle scattering experiment eventually led 
to the conclusion that: 


(A) mass and energy are related 
(B) electrons Occupy space around the nucleus 

) neutrons are buried deep in the nucleus , 
(0) the point of impact with matter can be precisely determined 


(i) The bond between two identical non-metal atoms has a pair of 
electrons: 


(A) unegually shared between the two 

(B) erred fully from one atom to another 
(C) with identical spins 

(D) equally shared between them 


(iii) Which one of the following sets of 


à quantum numbers represents 
as Impossible arrangement? 


n 1 т, т, 
(А) 3 2 -2 1/2 
(B) 4 0 0 1/2 
(C) 3 2 15 1/2 
(D) 5 3 0 -1/2 
(iv) The compound insoluble in acetic acid is: 
(A) calcium oxide 


(B) calcium carbonate 
(C) calcium oxalate 
(D) calcium hydroxide 


(у) The pair of compounds which cannot 


агСО, and N 

(D) NaHCO; and МОН 

(vi) The compound whose 0.1 M solution is basic is: — 4 
(A) ammonium acetate : 
(B) ammonium chloride 


К 


(vii) 


(viii) 


(ix) 


(x) 


(xi) 


(xii) 


(xiii) 


(xiv) 
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(C) ammonium sulphate 
(D) sodium acetate 


The average velocity of an ideal gas molecule at 27°C is 0.3 m/s. 
The average velocity at 927°C will be: 


(A) 0.6 m/s 
(B) 0.3 m/s 
(C) 0.9 m/s 
(D) 3.0 m/s 


A molal solution is one that contains one mole of a solute in: 


(A) 1000 g of the solvent 

(B) one litre of the solvent 
(C) one litre of the solution 
(D) 22.4 litres of the solution 


An isomer of ethanol is: 


(A) methanol 

(B) diethyl ether 
(C) acetone 

(D) dimethyl ether 


Which one among the following pairs of ions cannot be separated 
by H2S in dilute hydrochloric acid? 


(A) Bij*, Sn 

(B) AP*, Hg?* 

(С) 212+, Си?+ 

(D) 12+, Си?+ } 

The compound which gives off oxygen on moderate heating is: 
(A) cupric oxide 

(B) mercuric oxide 

(C) zinc oxide 

(D) aluminium oxide 


The ratio of the or of a photon of 2000 A wavelength radia- 
tion to that of 4000 radiation is: 

(A) 1/4 

(B) 4 

(C) 1/2 

(D) 2 


The half-life period of a radioactive element is 140 days. After 
560 days, one gram of the element will reduce to: 
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(xv) The hybridisation of sulphur dioxide is: 


ms 

í 5, 

(С) 395 
(D) dp? 


(xvi) HBr Teacts fastest with— 
(A) 2-methylpropan-2-o] 
(B) Propan-1-o] 
(C) ргорап-2-0] 
(0) 2-methylpropan- 1-0] 


(xvii) The reaction of toluene with chlorine in Presence of ferric chloride 
gives Predominantly— 


л) benzoyl chloride 
m-chlorotoluene 
enzyl chloride 
o- and P-chlorotoluene 


(xviii) The reaction conditions пса to the best yields of C;HsCI are: 
v light 
(A) СН; (excess) - +С 


(В) СН; ЖС — BE ной 


— 
room temperatu re 


uv light 
(C) CH, +4 Cl» (excess 5) — 
uv light 
(D) Сн; TCh چس‎ 
(xix) The highest boiling p point is expected for— 
(A) 150-0сіапе 
В) octane 
(C) 2,2, 3, p tetramethylbutane 
(D) n-buta 
(xx) 0 bonds Present in №0; are— 


(A) only ionic 
(B) covalent and йын, 


Tite down all the correct 
answers, 


[Example: Solid id sodium chlor; d 
conductor (D) covalent. Corr, hal А "au era: (A Y v Oru 


(i) Ifa gas is expanded at A. temperature 
(5) bud pressure ae 


of the molecule Temains he same 
les id 


of molecules о of the gas j increases 
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(ii) When NaNO; is heated in a closed vessel, oxygenis liberated 
and NaNO» is left behind. At equilibrium: 


(A) addition of NaNO, favours reverse reaction 

(B) addition of NaNO; favours forward reaction 
(C) increasing temperature favours forward reaction 
(D) increasing pressure favours reverse reaction 


(iii) Phenol is less acidic than: 


(A) acetic acid 

(B) p-methoxyphenol 
(C) p-nitrophenol 
(D) ethanol 


(iv) Dipole moment is shown by: 


(A) 1.4-dichlorobenzene 

(B) cis 1,2-dichloroethene 

(C) trans 1,2-dichloroethene 
(D) trans 1,2-dichloro-2-pentene 


(v) Only two isometric monochloro derivatives are possible for: 


(A) n-butane 

(B) 2,4-dimethylpentane 
(C) benzene 

(D) 2-methylpropane 


(vi) СО» is isostructural with: IR 


(A) HgCl 
(B) SnCl; 
(C) CzH; 
(D) NO; 


(vii) The sum of the number of neutrons and proton in the isotope 
of hydrogen is: 


(A) 6 
(B) 5 ) 
(C) 4 
(D) 3 


(viii) In the electrolysis of alumina, cryolyte is added to: 


(A) lower the melting point of alumina 
(B) increase the electrical conductivity 
(C) minimise the anode effect 

(D) remove impurities from alumina 


2. (b) Fill in the blanks with appropriate words: (1x42 4) 


(i) The rate of diffusion of a gas 15..... proportional to both 
... and square root of molecular mass. х : 
(ii) The тоге... . the standard reduction potential, the . . . . is 
its ability to displace hydrogen from acids. |. 
(iii) The hydrolysis of ethyl acetate in... . medium isa..:. 
order reaction. i 
(iv) A . ...diol-has two hydroxyl groups оп... ..carhon atoms. 
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8. (a) The EMF ofa cell corresponding to the reaction (4) 
Zn(s)-- 2H*(aq) => Zn?* -- (0.1 M) -- H3 (р, 1 atm) is 0.28 V at 250 


Write the half-cell reactions and calculate the pH of the solutionat 
the hydrogen electrode. 


E2;/Zn2 -0.76 V; Ey + /H3 0 


8. (b) The standard molar heats of formation of ethane, carbon dioxide 

i and liquid water are 721.1, —94.1, and — 68.3 kcal respectivley, 

_. Calculate the standard molar heat of combustion of ethane. (2) 

9. (a) Tho disintegrates to give 2%РЬ5%, as the final product. How 
many alpha and beta particles are emitted during this process? 


9. (b 


= 


(2) 
The vapour pressures of ethanol and methanol are 44.5 mm and 
88.7 mm Hg respectively. An ideal Solution is formed at the same 
temperature by mixing 60 р of ethanol with 40 g of methanol, 


Calculate the total vapour pressure of the solution and the mole 
fraction of methanol in the vapour. (4) 


10. (a) The solubility of Mg(OH), in pure water is 9.57 х 10-3 g/litre, — 
Calculate its solubility (in g/litre) in 0.02 M Mg(NO3)2 sol 


10. (b) During the discharge of a lead storage battery, the density of sul- 
phuric acid fell from 1.294 to 1.139 g/ml. Sulphuric acid of 
density 1.294 g/ml is 39% H2SO, by weight and that of density 
1.139 g/ml is 20% H250; by weight. The battery holds 3.5 litres 


of the acid and the volume remai i t durin 
the discharge. Temained practically constant during 


Calculate the number of ampere-hours for which the battery must 
have been used. The charging and discharging reactions are: 

Pb 807 PDS Oa 2e- (charging) 

PbO2+-4Ht +. S027 4 20- — PbS04+2H20 (discharging) 


MATHEMATICS 


TiMF ArLowrD: 3 Hours Maximum Marks: 100 
(Part A—50) 
(Part B.—50) 
тШ Answers must be written in English 
i j à 
ie ceca ae on the right hand Margin indicate marks for 


(3) ПЕ б. x т be given only on the first six pages of 
tiers im the order in which the questions appear in the 


nswer to each question of Part B should begin on a fresh page: 


Ой are advi à Р А ‘ 
ing Part A ised not to spend More than sixty minutes in answer- 


©) Ше of calc. Felon at one mis 
Paper ШЕЙ ic and trigonometric tables and 
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PART A 


N.B.—1. Attempt all questions in this part. 
2. The student is advised to show the rough work used to arrive at 
the conclusion. : Marks 


1. There are seventeen parts in this question, Each part has one or more 
than one correct answer. For each part, write letters from A, B, C, 
D, E corresponding to correct answer. (17 x 2= 34) 


(i) Let Р(х) = ао + ay? ax. + аһ?” be a polynominal in a 
real variable x with 0 < ao < а} «42 ©... < r: The function 
P(x) has 


(A) neither a maximum nor а minimum (В) oly one maximum 

(C) only one minimum (D) only one maximum and only one 
minimum (E) none of these. 
(ii) The function f(x) 71 4 | sin x | is: 


(A) continuous nowhere (B) continuous everywhere (C) diffe- 
rentiable (D) not differentiable at x — 0 (E) not differentiable at 
infinite number of points. 


(iii) The principal value of si ( sin =) is 


(A) RE (B) Е (С) 2 (D) сы (Е) none of these 
3 3 и 3 3 
(iv) If S is the set of all real x such that EA is positive, then 
S contains: 
3 3 1 ЖАЙ: 
a (-2-7) ® (-7 -4) e 5) 
(D) (5. 3) (E) none of these 


(у) If C, stands for "C,, then the sum of the series 


м. 


(2) (3) -261+36-...4(- Dr £0 O0 


where п 1s an even positive integer; is equal to 
(A) 0 (B) C1)? 1) (CO) (-4)(n*2). (D) (= 1)" n 
(E) none of these 

(vi) If the line ax + by +e= 0 is a normal to the curve ху = 1, then 


(A) a 2 0, b > 0 (Bj a 0,540 (CO а < 0, b 0 
(0) a < 0,2 <0 (Е) none of these 


(vii) The points (v. 3l (1,3) and (82, 30) are vertices of: 
(A) an obtuse angled triangle (В) an acute angled triangle 


(C) a right angled triangle (D) an isosceles triangle 
(E) none of these = EX m 
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(viii) The determinant 


(ix) 


(x) 


(xi) 


a b ax+b 
b [4 bate is equal to zero, if 


ах+Ь bate 0 


(A) a, b, c are in A.P. (B) a, b, c are in G.P. 
(C) a, b, c are in H.P. 

(D) х is a root of the equation ux? + bx +c =0 
(E) (x-«) is a factor of ax?--2^x- c 


All points lying inside the triangle formed by the points (1, 3), 
(5, 0) and (— 1, 2) satisfy: 


(A) 3x:2y 20 (В) 2х+у-13 >20  (C)2x-3y-12« 0 
(D) —2x+y > 0° (E) none of these 


The expression 
[i (F е ) + sin* Gra) -2 (5 а ) ШШ (5. — «| 
is equal to: 


(A) 0 (BI (C)3 (р) sin 4«4 cos 6x 
(E) none of these 


- ^ ^ ^ > a a ^ "ә, ^ a ^ 
Let a= а\ї-+ a2j+ ask, b=byit+boj+ bsk and c-cii--c2j4 ck be 
three nonzero vectors such that Е is а unit vector perpendicu- 


` lar to both the vectors a ang b. If the angle between a. and b is 


dı d2 аз 
bı b2 b3 is equal to 
(04.4762 0$: 


(A) 0 (в)! (С) аа-а) - (Î +b - bi) 


(b) st tai + a3) (Dî +b3+b) (dedic) 


(xii) Let [x] denote the greatest integer less than or equal to x. If 


f(x) = [x sin 7 x], then f(x) is: 


(A) continuous at x= 0 (В) continuous in ( — 1, 0) 
(C) differential at х= 1 D) diff 
Н pede (D) differential in ( — 1, 1) 


(xiii) There exists a triangle ABC satisfying the conditions 


(A) bsind=a, А < | (В) b sin A >a, A 


2 2 
(С) репи >a, 4<5 (р) bsin A <a, A<+t,b>a 


(E) b sin 4 <a, e. b=a 
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(xiv) Let zi and zz be complex numbers such that 21722 and 
[21| = | 22 | . 121 has positive real part and 22 has negative 
2122 
21—22 
(A) zero (B) real and positive (C) real and negative 
(D) purely imaginary (E) none of these : 


, may be 


imaginary part, then 


> 
(xv) A vector a has components 2p and 1 with respect to a rectangu- 
lar cartesian system. This system is rotated through a certain 
angle about the origin in the counterclock wise sense. Tf, with res- 
> 


pect to the new system, a has components p+ 1 and 1, then 
(A) p=9 (В) p=lorp=s (С) p= -lorp-i 
(D) р=1 orp=— 1 (E) none of these: à 
(xvi) If a, b and c are distinct positive numbers, then the expression 
(b -4-c— а) (с-а - b) (a4-b- c) = abc is 
(A) positive (B) negative (С) nonpositive 
(D) nonnegative (E) none of these 
(xvii) A student appears for tests I, IL, and Ш. The student is success- 
ful if he passes either in tests I and II or tests Тапа Ш. The 


probabilities of the student passing in tests I, Пара HI are р, d 
and. 3, respectively. 1f the probability that the student is success- 


ful is 1. then 
(A) р=9=1 (В) p=4=% (С)р=1, 4-0 
(D) p=), q=} (E) none of these 
2. This question contains eight incomplete statements. Fill in the blanks 
so that the statements are correct. Write only the answers. 
(i) The solution of equation log: logs (Мх+5+ vaz? bu 
T 


(ii) The solution set of the system of equations x+y = 3» 


3 4 
созх-ЕСсо8у = y > where х and у are real, iS.. 


(iii) The equation of the line passing through the points of intersection 


of the circles 3x? -t 3y?- 2x -12y-9 =0 and x2 +y? + 6x + 2y — 15 


201572. 
(iv) If the quadratic equations x?! ax t b=0 and x? 4 bx 4 =0 (as: b) 
have a common root, then the numerical value of a +b із... 
The derivative of sec! sect with respect to A 1 =x? at 


(у 


= 


хей: 
(vi) If Рх) = їп х, хп", n20, +1, 2, +3,- 
= 2, otherwise 
апа g(x)= t1, x #0. 2 
= x=0 


EA TE 
then lim gif(x)] is: -- 
x0 


ES d 1-2p are the probabilities of the three 


(vii) Ê j, iP e 
then the set of all values of p is.. 


mutually exclusive events, 
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iii) From the point A (0, 3) on the circle x2-+ 4x + (» — 3)? « 0, a chord 
(ru AB is E and extended to a point M such that AM = 2АВ. 
The equation of ће locus of Мз... : 


PART В 


e N.B.—1. There are Fifteen questions in this parti Attempt апу TEN 
questions, 3 
2. Justify your answers with mathematical arguments: 


3. (a) The position vectors of. the points 4, B, C and D are 


19-225. 91.4 3j-4k ETEK and АГ. EDD 
respectively. If the points А, B, Сапа. р lie on a plane, find the 
value of A. (3 

(b) A box contains two white balls, three black balls and four red 
balls. In how many ways can three balls be drawn from the box 


if at least one black bail is to be included in the draw? (2) 
4. (a) Show that the area of the triangle on the Argand diagram formed 
by the complex numbers z, iz and z+ iz is} | z}. (2) 


(b) Complex numbers 71, 22, 23 are the vertices A, В, С respectively of 
an isosceles right angled triangle with right angle at C. Show that 


(21 ¬ 22)? = 2)21 — 23)(z3 23) (3) 
5. Consider the system of linear equations in ЖУЗ ш 
(sin 30) x-y+z=0 
(cos 20) x--4y.- 322 0 
2x+7y+7z=0, | 
Find the values of 0 for which this system has nontrivial solutions. 


(5) 
6. If in a triangle ABC, cos A cos B+sin A sin B sin C= 1, show that 

a:b:c-1:1:4/2, (5) 
7. The equations of the perpendicular bisectors of the sides AB and AC 


ofa triangle ABC are x-y+5=0 and x+2y= 0, respectively, If the 
phe point Але (1, & 2) “anid the equation of the line BC. (5) 
8. Find the area bounded by the curves 
× + y224, x= —4/2y and x=y, (5) 
9. The sum of the squares of three distinct real numbers, which are in 
G.P., is 52, If their sum is «S, show that 
?€G1)U03 : (5) 
-10. Using mathematical induction prove that (5) 
AES i 
à Kk? "Ch. = n(n + 1) 21-2 forn > 1 
11. For a € 0, determine all real roots of the equation (5) 
xi-2a|x-a| —392=0 
12 


. А man observes a tower АВ of height A from a point Pon the ground. 
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He moves a distance d towards the foot of the tower and finds that 
the angle of elevation has doubled. He further moves а distance 3d in 
the same direction and finds that the angle of elevation is three times 
that at P. Prove that 36/2 = 354?. (5) 
13. Evaluate: 
+ as сов МЕ 
o | sin" X cos ^ V Xj, 
пу x4 cos lA] x 
TUA ly x dx 
Gi) Weer a sinx’ de кле E 
14. Let A (p^, — D) B(q?, 4), C(r?, = r)be the vertices of the triangle ABC. 
A parallelogram AFDE is drawn with vertices D, E and F on the line 
segments BC, CA and AB respectively. Using calculus, show that 
maximum area of such a parallelogram is: (5): 


(p+ 4)(q +") r) 
15. Let f(x) be defined in the interval [ — 2,2] such that 


fiery =2<х<0 
=x-l, 0cx&2 
and gof xl) LG) I 
Test the differentiable of g(x) in (~ 2,2) | (5) 


16. Lines 5x + 12y — 10 - 0 and 5x - 12y— #0 =0 touch a circle C, of dia- 
meter 6. If the centre of Cj lies in the first quadrant, find the equation 
of the circle C2 which is concentric with Cı and cuts intercepts of 

(5 


17. A lot contains 20 articles. The probability that the lot contains exactly 


random one by one without replacement and are tested till all defec- 
tive articles are found. What is the probability that the testing proce- 
dure ends at the twelfth testing? (5) 


ENGLISH 


TIME ALLOWED: 3 HOURS Maximum Marks: 100 


Note; (1) Answers must be written in English. T 
(2) Figures in brackets on the right hand margin indicate marks for 


the questions. 
(3) Answers to Part A must be given only on the first six pages of 
the answer book in the order in which the questions appear in the 


question paper. . 
(4) Answer to each question of Part B should begin on а fresh page. 


(5) Answer all parts of a question at one place. i ds 
(6) You are advised not to spend more than sixty minutes in answer- 


ing Part A. 
PART A 
1. Fill in the blanks in each of the following sentences with the correct 


preposition/adverbial particle. Write the number of the sentence and . 
the word. Do not reproduce the sentence. (10) 


a 
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(i) Professor Kumar will take... . , as the new principal tomorrow, 
(ii) We all have to adjust ourselves... . . . new circumstances. 
(iii) The loud music is getting... +++ my nerves, 
(iv) Because of heavy losses in business he ran . . ++... huge debts. 
(v) Your experience counts..... . nothing in this job. 
(vi) His behaviour borders ..... . unacy. 

(vii) Young fans clustered .... . the film star. 

(viii) My son is apprenticed... .. Mr. Lal, a chartered accountant. 
(ix) You will always be short of money if youlive . .. . yours means. 
(x) They took......, an insurance policy soon after they were 

married, 


2. ЕШ in the blank with the tight word in the second sentence in each of 
the following pairs of sentences. The word should be connected with 
the part italicized in the first sentence of each pair. Write the number 
of the pair and the word. Do not reproduce the sentence. (10) 


(Example: 


He knew history very well. 
He had a good... , . of history. 


Answer: knowledge.) 


Most of the cups suffered . ... in transit. 
(iii) The passengers were annoyed at the delay. 

The passengers expressed their .. . . at the delay. 
(iv) The court ordered the building to be demolished. 

The court ordered the... .. ‚ of the building. 
(v) This strange word is repeated in all his poems. 


hereisa..... of this strange word in all his poems. 
(vi) He told me not to be in such haste. 
€ told me not to... ,. so much. 
(vii) What was your deduction from the evidence? 
hat did you... . . from the evidence? 
(viii) He had the distinction of winning the first prize. 
COMM himself by winning the first prize. 
(ix) My grandfather fell down. 
y grandfather hada... .. 


3. Rewrite the following sentences using the correct forms of the verbs 
given in brackets; { (10) 


- (i) He would have passed the examination last year if only he (work) 
.. alittle harder. 
(ii) He has Sivenup (look) for the lost dog. 
(iii) By the time the police arrived, the thief (bolt) over the wall. 


(iv) The chemist claims (discover) 
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(ix) No one likes (tell) that he is the second best. 
(x) M dde as he reached home yesterday, he (hang) the trophy on 
the wall. 


4. In each of the following groups of sentences (i) to (x) only one sentence 
is correct. Write the number of the group and the letter which stands 
for the correct sentence. Do not reproduce the sentence. (1 


(i) (A) The class comprised of students with different levels of lan- 

guage ability. (B) The class comprised students with different 

levels of language ability. (C) The class was comprising students 
with different levels of language ability. 

(ii) (A) Many Indian parents do not let their children choose their 
own profession. (B) Many Indian parents do not let their children 
to choose their own profession. (C) Many Indian parents do not 
let their children in choosing their own profession. 

(iii) (A) The speaker stressed the need for raising the educational 
standards. (B) The speaker stressed on the need for raising the 
educational standards. (C) The speaker stressed over the need 
for raising the educational standards. 

(iv) (A) The driver paused the bus for a short while. (B) The driver 
held on the bus fora short while. (C) The driver halted the bus 
for a short while. t 

(v) (A) She was named Smita: by her grandparents. (B) She was 
named as Smita by her grandparents. (C) She was named to be 
Smita by her grandparents. 

(viy (A) Having eaten our lunch, the train came in. (B) After we had 
eaten our lunch, the train came in. (С) Our lunch having been 
eaten, the train came in. 

(vii) (A) He may not be an eminent scholar, but he is an excellent 
teacher. (B) He may not be an eminant scholer, but he is an ex- 
cellent feacher. (C) He may not be an eminent scholer, but he 
is an excellent teacher. ( 

(viii) (A) You hardly need remind to me to behave in a responsible 
manner. (B) You hardly need reminding me to behave in a res- 
ponsible manner. (C) You hardly need remind me to behave in a 
responsible manner. 

(ix) (A) We were asked did we want to eat or not. (B) We were asked 
whether we wanted to eat or not. (C) We were asked about our 
wanting to eat or not. 4 

(x) (A) I said ‘and’; I did not say ‘or’. If I had said or 1 should have 
been wrong. (B) I said ‘and’; I did not say ‘or’. IfI had said ‘or 
I should have been wrong. (С) I said ‘and’; I did not say or ! 
had said ‘or’; I should have been wrong. 


5. Each of the following five groups of words can be written in only one 
particular order to form a sentence. Arrange all the words in each 
group and form a sentence. (10) 


(i) happy made news good the him I piece brought of 
(ii) population shaky a to leads increasing economy 
(iii) their verified bicycle and numbers of parts the separated he the 
various 
(iv). with the with fundamental are begin let concerned problem we me 
(v) difficult conducted many of he tbe him nowhere led experiments 


Ры 
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PART B 


6. Write an essay in about 300 words on any one of the following: (20) 


(i) My ideal teacher 

(ii) Computers and unemployment 
(iii) A case of injustice 
(iv) Many disasters are man-made 


7. Expand the idea in any one of the following statements in about 150 
words: (10) 


(i) Laughter is the shortest distance between two persons. 
(ii) If only the young knew, if only the old could. 
(iii) The strongest man is he who stands most alone. 


8. Write a paragraph on any one of the following in about 150 words. 
Argue either for or against the topic. (10) 
(i) The past is useless. 
(ii) There is more good than evil in the world. 
(iii) India's large population is her greatest strength. 
9. Read the following passage carefully and answer the questions below 


it in your own words. Do not use more than two sentences for each 
answer. (10) 


imself. Hence the scientist is the 


"Жар 
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enemy of all authoritarianism. Furthermore, he finds that he often makes 
mistakes himself and he must learn how to guard against them. He cannot 
permit himself any preconception as to what sort of results he will get, nor 
must he allow himself to be influenced by wishful thinking or any perso 
bias. All these things together give that ‘objectivity’ to science which is 
often thought to be the essence of the scientific method. 


But to the working scientist himself all this appears obvious and trite. 
What appears to him as the essence of the situation is that he is not con- 
sciously following any prescribed course of action, but feels complete freedom 
to utilize any method or device whatever which in the particular situation 
before him seems likely to yield the correct answer. In his attack on his speci- 
‚ fic problem he suffers no inhibitions of precedent or authority, but is com- 
pletely free to adopt any course that his ingenuity is capable of suggesting to 
him. No one standing on the outside can predict what the individual scientist 
will do or what method he will follow; In short, science is what scientists do, 
and there are as many scientific methods as there are individual scientists. 


(i) This passage is based on a contrast between two views on scientific 
method. What are these two views? 
(ii) What is the common goal of all scientists? 
(їй) What are the things the scientist should be watchful against? 
(iv) Why does the scientist not rely on authority? 
(iv) What do you understand by the following phrases? 


(a) ‘getting down to brass tacks’. 
(b) ‘suffers no inhibitions’. 


MODEL SOLUTIONS 


PHYSICS 


PART A 
Ans. 1 
(i) (A) Torque and work 
= (D) Light year and wavelength 


(ii) (C) The total momentum of the ball and the earth is conserved 


(D) The total energy of the ball and the earth is conserved 
(iii) (A) 3V cos 8 


(iv) (B) cannot be an inertial frame because the earth is revolving round 
the sun Г 


(D) cannot be an inertial frame because the eath is rotating about its 

ee V own axis 
} 2 
O) (В) T- Mg cos 9 „МУ 


(C) the Magnitude, of the tangential acceleration of the bob 
ат | =g sin 0 
(vi) (A) 0.130 
Й рої 
(vii) (В) рд 
(viii) (В) complete image will be formed 


(D) intensity of the image will decrease 
(ix) (A) 1024 


(x) (C) sometimes equal to its atomic number ; 
sometimes more than and sometimes equal to its atomic number 
Ans, 2 


(i) intensity, decreases 
(ii) two 


see b 2 
(iii) 180°, Toro 
(iv) i:t 
(у) Lithium, 7 
(vi) atomic number, mass number 
Ans. 3 


(i) True: The electric field inbetween the two plates of a parallel plate 
capacitor charged to a potential difference V is uniform throughout. 
Therefore, the forces in the two protons А and В are identical irrespec- 
tive of their distance from the plates, : 
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(ii) False: The maximum kinetic energy, Emax of photoelectrons is given 
by 
Emax = hy - Wo 


where hy is the energy of incident photons and Wo is work function. 
The maximum energy of photoelectrons does not depend upon the 


(iii) False: When the ice melts completely, the level of water in the vessel 
will fall instead of rising. As the density of lead is large, the ice block 
with the lead shot imbedded in it displaces a large amount of water 

equivalent to the weight of the lead shot and weight of the ice block. 


When ice melts, the lead shot sinks displacing water equivalent to. its 
own volume and melting ice also displaces water equivalent to its 
volume with the result that the level of water falls when the lead shot 
sinks. 

(iv) False: An emf is induced in the coil only when the coil moves in a 
non-uniform magnetic field, A stationary coil does not change mag- 
netic flux, and therefore, emf is not induced. 

(v) False: Initial angular momentum of mass M and radius R moving 
with angular velocity w= w= MES. Final angular momentum of 

Jost 2 MR, 
masses M and E moving with angular velocity о = e Ar um з)” 


As angular momentum is conserved, ; 
MR MR, (MR 
CT *4x2 ) Ж =f 2 ) 
or а! = LI 
5 
: . 40 2o 
Therefore, the angular velocity of the system is -57 and not Vs 


(vi) True: As the temperature of the cathode of the diode increases, а 
large number of electrons will be emitted. The anode current will, 
therefore, be higher when 72 is greater than Tı. 


PART B 


Ans. 4 


(a) Let Rı and Rz be radii, vı and v; be speeds and Ti, T: be periods of 
revolution of satellites S1 and 52 respectively. 


Speed ot e × 104 


à 2 2тх 104 km/h 
According to Kepler’s law: 


G-A 
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y 


Fig. 5 
pf |). 
or Rj-R \7; 
2/3 
= 104 (î) = 4 x 10* km 
Speed ОЁ S2 = ua = Pe ink tor 
=7 х 104 km/h 
The relative Speed of S; with respect to 


$197 —y = 27 × 104-7 x 104 
=m x [04 
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As the direction of velocity of the body after impact is horizontal, its 
velocity along the vertical direction is zero. 


ЕЕ 


Fig. 6 


Let f2 be the time taken by the body to reach the ground after fall- 
ing through a height A. 
2h 
b= 
= A 


Total time, rentas ل‎ jA 
g g 


In order that t is maximum, 4 =0 

1 eh 2) Ly (2) -о 
о ДН сола З.А Баба c pes Гал) л 
T >| z g) 2\g Mg 


; Ja d 


or R-h=h 

or H=2h 

. hol 

Y: H 2 
Ans. 4 


(c) Let P be the pressure in both the columns of air in the horizonta 
position, When the tube is horizontal, length Z of both the aii 
columns is the same and is given by: 


p= OHS 4525 cm 


When the tube is inclined at an angle of 60° to the vertical, let Pi, P2 
be pressures and Lı, Lz be lengths of upper and lower air columns 
respectively. If A is the area of cross-section of the tube., Boyle’s law 
requires that 

4 
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PAL= PrAL = P2ALl2 
or PL= PL, PL; 


о et 


| ^ Eu 
5cm 


SS 


И 
45:25cm 


7 
4525cm—»| 


(i) 


Fig, 7 
As the column of mercury exerts extra pressure on the lower aif 
column, У 
P2= р; +5 соѕ 60° 
KA PiL, = Р »=(Р, +5 cos 60°)Z> е 
ог РКІ, = Lj)z 5L; cos 60? 
5 La cos 60° 
or Pia 22—080) 
n" Ui L3) 
p= Pitt _ 51214 cos 60° 
Loo Lh-L) 
5 x 46.0 x 44,5 x 0.5 
= 45.25 x (46.0 — 44.5) 
= 75.39 cm of Hg 
Ans, 5 
(a) Kinetic energy of neutrons, E= 0.0327 eV 
= 0.0327 x 1.6x 10-19 J 
Mass of a neutron, т= 1.675 х 10-27 Кр 
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If о is the velocity of neutrons, E= imi? 
2E 
m 
_ [2х0.327х1.6х 10-19 
tX 236755105155 


v= 


or 


= 0.25 x 104 m/s 


Time taken by the neutrons to travel a distance of 10 m with speed 


10 
v= At= 535 x 108 


=4x10-s 


Half-life of neutrons, Тү» 700 s 


Fraction of neutrons decaying per second = % 


_п2 
jn yum 
5 E та 102 
Fraction of neutrons decaying in time — 4f— T. x At 
1/2 
0.693 x 4 x 1073 
r 700 
=3.96 x 1075 
Ans, 5 
(b) Component of velocity of proton perpendicular to the direction of field 
=v sin 6 
= 4 x 105x sin 60° 
=2x4/ 3x105 m/s 
If R is thé radius of helical path of proton beam, force on the proton 
=e(v sin 0)В 
. mo sin 8)? 
5 R 
N Ў 
то sin 0 
0 و‎ 
К еВ 


1.67 х10-271х2х/ 3x 10 
= 1,6 x 10-19 x 0.3 
= 0.012 m 
If T is time-period to complete one rotation with angular velocity w, 
T- 2" _2"К. 
w оѕіп 6 


n _ 27 vsin6 eB 
Reha TNE d 
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| т. 27x 1.67 x 10-27 
ОЛУ, ~ 1.6x1071? x 0.3 


= 2.19 х 1077 s 


Thus the distance travelled by the proton іп the beam parallel to the 
direction of the magnetic field during one‘period of rotation 
=Txvcos 0 
=2.19x 1077 x 4 x 105 х cos 60° 
=8-76x 1072x} 
= 4.38 х 10-2 m 


Апѕ. 6 


(а) Let с be the velocity of sound in air and и, be the speed of the tuning 
fork. When ‘the source moves towards a Stationary observer with 
velocity 14, its frequency у’ becomes 


pees) ; 
УГ Т и) (i) 


When the tuning fork moves away from the stationary observer, its 
frequency v” becomes 


у" = RS чн 
(c us) 
When both the tuning forks move relative to a stationary observer, the 


number of beats/second produced = у — у” 
From (i) and (ii) we have, 


(i) 


But vay" 23 
j Md d 
y „ tau? 
2си;у 
2 u 
di 3 2X 340x us x 340 
(340)? — u? 
As (340 > и, (340)2— u? ~ (340)? 
(340)? x 2и, _ 
(340p ^ 
or u.c 2 Bs 1.5 m/s 
31. 
Thus the speed of the tuning fork is about 1.5 m/s. 
Ans. 6 


. (b) Let Л be the current flowing through resistances 5 Q and 1 Q. Let Iz 
: be the current flowing through resistance of 2 Q. E ; 
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According to Kirchhofi's law, 


At A, y 1-0 
1=1+2=3 А 

At B, У 1=0 
Ь=2-1=1 A 
ТА 


Fig. 8 


Potential difference across capacitor С = Potential difference across 
the mesh ABDE 
=5x3+1x3+2™1 
=154-342 
=20V 
1 
2x 


= 7 ×4 10-6 x (20 


Energy stored in the capacitor = CV? 


=2x 400 x 1076 
=8x10-4J 
Ans, 7 
(a) The amount of heat flowing per unit area per unit time at any surface 
270) 
EE 


where k is coefficient of thermal conductivity, 0, and 02 are tempera- 
ture at both ends separated by a distance /. Let the temperature at 
the interface between wood and cement be 0; and the temperature 
between cement and brick layer be equal to ёз. As the amount of heat 
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passing through all the layers per unit area per second in steady-state 
conditions is the same, 
Q (20—01). kX8i—02)  kx(05 4-10) 
dis MLO) 0.25 
But ky =0.125 
k2=1.5 
k3=1.0 
0.125(20- 61)  1.5(&— 2) 1.0(0 +10) 
0.025 E BOLT 7.0.25 
or 5)20 - 81) = 150(8; — 62) = 4)02 4-10) 


Solving, we have 
100 — 50, = 1500; — 1500; 
or 100 = 1558, — 1500, (i) 
and 60 = 50,+ 40; (ii) 
Multiplying (i) by 4 and (ii) by 150, we get 
400 = 6200, — 6000; 

9000 = 7506, +- 6000; 
Adding, we have 

.94002 13700, 


or 1= > 
Amount of heat flowing per unit area per unit time 
ts ( 20- i») 


137 
1800 
137 W/m? 


| 5х 
Total amount of heat flowing through a wall of area 


137 me 51 x 137 у 
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Ans. 7 
(b) The critical angle, бс, for monochromatic light incident from a denser 


medium of refractive index m2 to a rarer medium of refractive index nı 
is given by 


К п 
sin 0,— cu 
n2 


Medium Ш 
(^3) 


Fig. 10 


It is given that 0 is infinitesimally greater than 65; therefore, the total 
internal reflection takes place at the interface AB. When a transparent 
slab DEFG of refractive index пз is introduced, the following possi- 


bilities exist. 

(i) n < ni 

Critical angle, 07, for monochromatic light incident from a denser 
medium of refractive index m to a still rarer medium of refractive 
index лз is given by: 


sin (4= — 

n n 
As пз < Е <= ie 
n n 

or 0. «0, < 0 


The light is totally internally reflected into medium II. 
(ii) из > m 
There are two possibilities. 


(a) na < m: When m, < m, critical angle, ge, for light to travel 
from a denser medium of refractive index m to а rarer medium 
of refractive index пз is given by: 


К п 
sin б©=—° 
m 
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As angle 67 is less than theangle of incidence 0, light will be totally 
internally reflected at the interface АВ itself. 


() пз >No: Let 0, be angle of refraction in medium III. 


sin 0, m | 
sin 0 лз (By Snell’s law) 


д ДЕУ 
ог sin 6, = sin 62 
: 3 


nm "n m 
mn na 


It is given that 71; isless than пз, Û, is, therefore, the critical angle 
for light to travel from medium III to medium I at the interface 
DE where the light will be totally internally reflected. After reflec- 
tion at the interface DE, the tay of light will be refracted into 
medium II at the interface AR. 

Therefore, the light will be ultimately reflected back again into 
medium III in all the cases when пз < n. 


CHEMISTRY 


PART A 


Ans. 1 


(i) (B) electrons occupy space around the nucleus 
(ii) (D) equally shared between them 
(ii) (C) n-3, 1-2, m= 3, ms=4 
(iv) (C) calcium oxalate 3 
(v) (A) NaHCO; and NaOH 
(vi) (D) sodium acetate 
(vii) (A) 0.6 m/s 
(viii) (A) 1000 g of the solvent 2 
(ix) (D) dimethyl ether 
(x) (A) Віз+, Sn4+ 
(xi) (B) mercuric oxide 
(xi) (D) 2 


an 1 
(xiii) (D) TEE 
(xiv) (D) F-H .... F 
(xv) (C) sp? 
(xvi) (A) 2-methyl propan-2-ol 
(xvii) (D) o- and p-chlorotoluene 


(xviii) A) GH ио light 
(ax 8 Ca 6 (excess) + Cl — — > 


(xx) (B) covalent and coordinate 


KETT 
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Ans. 2 


(a) (i) (A) the pressure decreases 
(B) the kinetic energy of the molecules remains the same 
(ii) (C) increasing temperature favours forward reaction 
(D) increasing pressure favours reverse reaction 
(iii) (A) acetic acid 
(C) p-nitrophenol 
(iv) (B) cis 1,2-dichloroethene 
(D) trans 1,2-dichloro-2-pentene 
(v) (A) n-butane 
(D) 2-methyl propane 
(vi) (A) НЕСІ 
(С) C2H2 
(vii) (C) 4 
(D) 3 
(viii) (A) lower the melting point of alumina 
(B) increase the electrical conductivity 


Ans. 2 


(b) (1) inversely, time 
(ii negative, greater 
(iii) acidic, first order 
(iv) vicinal, adjacent 


Ans. 3 
(a) (i) True (ii) False (111) True (iv) False 
Ans. 3 


(b) (i) Oxidation number of oxygen in НО, = -1 
Oxidation number of oxygen inH,O= -2 
As the oxidation number of oxygen in hydrogen peroxide is 
more as compared to that in water, hydrogen peroxide is a better 
oxidising agent than water. 

(ii) The transition metal compounds have unpaired electrons which 
absorb light in the visible range. Thus these compounds are 
coloured. б 

(iii) In strongly acidic medium, hydrazine gets easily protonated 
which lowers its nucleophilicity. That is why hydrazones of 
aldehydes and ketones are not prepared in highly acidic medium. 

(iv) Ionization of acetic acid is suppressed by the addition of acetate 
ion due to common ion effect. Hence acetic acid is less acidic in 
sodium acetate solution than in sodium chloride solution. 


Ans. 4 


(a) (i) Са2+, Ar, Cl-,. S^ 
(ii) HCIO, HClO:  HCIO;, HCIO4 Y x 
(iii) p-nitroaniline, aniline, p-toluidine, N,N-dimethyl-p-toluidine 
(iv) НІ, HBr, НСІ, : 
(у) HI, р, ICI, HIO4 
(vi) CHıCONH», CHCOOC2Hs, (CH;CO),0, СНзСОСІ 


Ans. 4 


(b) (i) Lewis acid—BFs 
(ii) Philosopher's wool—ZnO 


\ 
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(iii) Electrophile—SO3 
(iv) Preservative—-HCHO 
(v) Electron Emission—small proton to neutron ratio 
(vi) Bronsted Acid —NH4- 
(vii) Black Jack—Zinc ore 
(viii) X-ray emission—K electron capture 


PARTB 
Ans. 5 
(a) (i) 2Mn?* + SPbO2 + 4H* —-> 2Мп0; + 2H20 + 5Pb?* 

(ii) 48+ 60H- —-> 257+ $017 + 3H20 cm 
(iii) CIO; + 6I- + 6HoSO4, — CI” + 31, + 6HSO; + 3H20 
(iv) 6Ag* + AsHy + 3H20 ——> HAsO» + Ag + 6H* 


Ans. 5 


4 A. nA \ 
(b) Lewis dot structure c) ML Seis a ub 
for O; is CEN ME accu : 


z N йм 2 
Lewis dot structure T Ci ао \ Erst \ Cl 
for COCh is RHO iss cag d 4 
-- о o A IS ee 
i ee эЧ 
* б) 
СД " LJ 
Fig. 11 
Ans. 5 
(c) (i) FeCl, Br; 
(ii) Na»ZnO;, HO 
(iii) SnCl D  . 
(iv) Na?SO, HCI 
Ans. 6 / 
(a) Molecular formula of (A) is CeHy3Cl. 
As it slowly yields white preci 


А tat " : A) must 
be a secondary alkyl halide. Nudus eode Аа, (A) 

The structural formula for (A) is 

CH; CI 


| а 
ic i 4n. ci cn, 
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The structural formula for (B) is 
4 СНз 


3 


The structural formula for (C) is 
CH; 


i 
H,C—C=CH—CH2—CHs 


Ans. 6 


(b) The structural formula for (X) is 
о 


| 
C;Hs—C—0— CH;—CH;—CHs 


The structural formula for (Y) is 
CH,—CH;—COOH ог C,H;COOH 


The structural formula for (Z) is 
CH;—CH2—CH20H ог C;H;0H 


Ans. 7 
(a) (i) 


are. САТ Ce 
E ct 


Benzaldehyde 


CY" мнз 
Ce. £0 di 


Cyanohenzene 
Fig. 12 


$ Conc. Н,504 
(i) СН+ОН — ы 


B | 
Po SC CHs 


H;C—CH; — 


Br Br 
| alcoholic KOH 
چ سے‎ 


| 
H,C—CH2 —— 
_ CHCOOH нс CH—(CH:COO) 
(CH,COO)s Hg Vinyl acetate , 


[ 
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Ans. 7 
(b) 2-pentenoic acid 
Ans. 7 
(c) 
(i) ps " 0 
HC——N. +H, CN 
ð N 
e 
(ii) “fe 
© 
Fig. 13 
Ans. 7 _ 
(4) 
He OH 
@ (сњсо),о | 250K CH3COOH + CH, COOC, He 


„OH 
(ii) Qo CHCI} + Маон Qr 
ORNS NORNA 
(iii) (о) юнон .NoOH, Qu 
(n) QT Co) co Bee (o уо (о ) 


Fig. 14 
Ans. 8 


(a) The chemical reaction for the given cell is 


Zn(S) + 2H(oq) —> Zn?* + (0.1 M) - Ha(g, 1 atm) (i) 
E.M.F. of the cell at 25°C =0,28 у 
Half-cell reactions will be 


Zn?* + 2e = Zn (ii) 
Н++е = 4H, a 
29++2е = H, (iii) 


E 
CONDE oe root 
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The pH of the solution at the hydrogen electrode can be calculated 
using the Half-cell reactions as done below: 


Ezn|Zn% = E"ZnlZn* — тр In [Zn] (iv) 
Here, R- 8.314 J/mole deg 
Т=273 +25 =298 К 
Е= 96500 Coul/equivalent 


Substituting these values in (iv), we get, 


Jc 8314x298 [01] 
Ezn|Zn*+ = 0.76 -33:96500 1" 1 


20.76 aa log. (0.1) 


5016 193000 


=0.76— 0.0295588 (0— 1) 
=0.76+ 0.03 
=0.79 
Eznjzn** = 0.19 У (у) 


8.314 х 298 х 2.3026 [loglo Y loglt] 


Similarly, 


2 RT, [H3 
Eg:]H, = E'H*Hi7 RF Inn: 
RT 1 
= Енн E loge HFF 
Given: Е°н+н,= 0 
neg co 72220207 T E G 


segs RT x 2.3026 x[0-2 logio[H-*]] 
nF 
P 2 REE logio [Н] 


8.314 x 298 x 2.3026 
_8314 x 298 x 2.3026 
=F x 96500 logiolH] 


— 0.05915 logio [H*] 
But pH- —logulH*] [By def] . 
Енун, = — 0.05915 pH (vi) 
Substituting the values calculated at steps (у) and (vi) in (i), we get 
0.28 = 0.79 — 0.05915 pH 


t oe 
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or 0.05915 pH = 0.79 — 0.28 
=0.51 
0.51 
or pH= 0.05915 = 8.62 


Hence the pH of the given solution is 8.62. 
Ans. 8 


(b) The chemical equations for the formation of ethane, carbon dioxide 
and liquid water will be 

2C + 3H2(g) —> C; Hs(g), AH; 21.1 kcal (i 

Cw) + 02g) —-> СО), АНу= — 94.1 kcal Gi) 

Ha(g) +408) ——> H20()), ^^ AH,- 68.3 kcal ii) 

Multyplying (ii) by 2, (iii) by 3 and adding, 


(i) 


we get 


2С) + 202(g) + 30, (g)+3H2(g) > 2CO2(g) + 3H20(/) 


-son 


7 
or 26+ O(g)+3H(8) > 2COg) +3H20(/) 
where 4H;- 2x (-94.1)+ 3 x (— 68.3) 
= — 188.2 - 204.9 
= - 393.1 kcal 


7 
2Co4 302 (8) - 3Hx(g) -> 2C0, (g)+3H20(1)2 


4H;= — 393.1 kcal (iv) | 
Subtracting (i) from (iv), we have 


7000) > -C (@)+2COXe)+3H,00) — ' | 


ot Cg) + 04g) 2 CO,(g) 3,01), 


АН;= —393.1— (-21.1) 
= = 393.1 +21.1 


7 — 372.0 kcal 
Thus the molar heat of combustion of ethane is — 372.0 kcal. 
Ans.9 - 


(a) When an alpha particle is gi а 
clement, the pac we Out from some parent radioactive 

30 Th > 26р 
Decrease in the mass number = 234 — 206 


= 28 units 


Model Solutions, 1986 41 


;. Number of alpha particles given out in the above nuclear disinte- 


gration = pi 7 
The atomic number of the daughter element so formed should be, 


1x2- 14 units less. 
, Atomic number of the daughter element = 90— 147 76 


But the given daughter element has an atomic number 82. This must 
have been due to the addition of B-particles. When a B-particle is 
given out from some parent element, the atomic number of the 
daughter element so formed increases by 1 unit but the mass number 


remains the same. 
Number of B-particles given out= 6 


The given radio-active decay can be written as, 


Ans. 9 


(b) Vapour pressure of ethanol =44.5 mm Hg 
Vapour pressure of methanol = 88.7 mm Hg 


Number of moles of ethanol (т)= 50 1.304 
Number of moles of methanol (9-327 1.250 


Mole fraction of methanol = d 
nc 
_ 1250 
713041250 
1.250 
72.554 
= 0.4894 


n 
Mole fraction of ethanol = ا‎ 
mn 


n 
TAT, ( m+ x) 
= 1 — 0.4894 
= 0.5106 
Vapour pressure due to methanol (p1)= 88.7 x 0.4894 mm Hg 
= 43.40 mm Hg 


and vapour pressure due to ethanol (р) = 44.5 × 0.5106 
222.73 mm Hg 


Total vapour pressure (p) pit P2 
= (43.40 - 22.13) mm Hg 


266.13 mm Hg. 


42 Model Solutions, 1986 


- . Mole fraction of methanol in the vapours 


Total vapour pressure 
43.40 mm Hg 
766.13 mm Hg 
= 0.656 


(^) Vapour pressure due to methanol 
p 


Ans. 10 
(a) Let S be the solubility of Mg(OH); 


йн S=9.57x 10-3 g/litre 
9.57 x 10-3 : 
724x206 1) moles/litre 


3 
Ы 557 xI moles/litre 


м 


= 1.65 x 10-4 moles/litre 
Dissociation of Mg(OH) can be written as 
Mg(OH); = Mg?* + 2(OH)- 
kep = 433 

=4 x (1.65 x 10-4)3 
= 4 x 4.492 x 10-12 

= 17.96 x 10-12 

= 1.8x 10-11 

| Dissociation of Mg(NO3)2 can be Written as 
Mg(NOs). = Мр2+ + 2(NO3)- 


be the solubility of Mg(OH) in M&(NO3); 
[Mg?*] = 0.02 + Sı 
[OH-] = 25; 

Егот (11), ме һауе 


kw = [Mg?*] x [он-р 
= (0.02 + S1) x (482) 
= 1.8 x 10-1 
or 0.02 x 4S +45? 1.8 x 19-11 
or 0.0857 = 1.8 10-и 


(i) 


(ii) 
Let Sy 


[Neglecting terms containing 
Si as it is very very small] 
1.8 x 10-11 \1/2 

or Sa 
? (а: 
= (2.25 x 10-10)1/2 


1.5 х 10-3 x 58 g/litre 
A" =8.7х 10-4 g/litre 


hi 
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Ans. 10 


(b) Density of 39% sulphuric acid before discharging = 1.294 g/ml 
Density of 20% sulphuric acid after discharging =1.139 g/ml 


Amount of sulphuric acid in the solution before discharging 
g Ske 
= 3500 x 1.294 х 100 


= 1767.0 g 
Amount of sulphuric acid in the solution after discharging 


eee 
= 3500 x 1.139 * 100 


= 797.1 g 
Amount of sulphuric acid that has been consumed by the lead storage 
battery = 1767.0- 797.1 
= 969.9 g 
969.9 
= 98 
= 9.987 moles 
The charging and discharging reactions are: 
Pb+ SO; — PbSO4- 2e- (charging) (i) 
PbO» + 4H* + SO} + 2e- > PbSO4 + 2H30 (discharging) (ii) 
Adding (i) and (ii), we have 
discharging 
Pb + PbO; --2H;804 с=с” DPD a 2H20 
charging 


We find that two moles of sulphuric acid have been fully consumed, tO 
yield two electrons, therefore, 


1 mole of sulphuric acid =98 g of sulphuric acid. 
= 1 g equivalent of sulphuric acid 


and 9.987 moles sulphuric acid = 9.987 equivalents of sulphuric acid 
As 1 faraday = 96500 coul/equivalent 
9.987 faradays = 9.987 x 96500 
Required number of ampere-hours for which battery is used 
` 9,987 x 96500 
= x60 — 267.71 
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MATHEMATICS 


PART A 
Ans. 1 


(vii) (E) none of these 
(viii) (B) a, b, c are in G.P. 
(E) (x-a) is a factor of ax?-- 2bx +c 
(ix) (A) 3х+2у > 0 
С) 2x-3y-12 <0 
e BI 
Gi) (C) +(aî+ a+ a?) 
(xii) (A) continuous at x= 0 
(D) differentiable in (-1, 1) 
(sili) (А) b sin 42a, A< 8 


(D) bsin 4 <a, A« A ba 


(xiv) (A) zero 
(D) purely imaginary 
(xv) (B) pz 1 orp--i 
i (B) negative 
(xvii) (C) p= 1, 220 
Ans. 2 
(i) x=4 
(i) ¢ A 
(iii) 10x -3y- 1820 
(iv) -1 
(у) -4 
(vi) 1 
(vii) $ < p < 
+ 


(viii) (x+4y 7 16 


РАВТ В 


Ans. 3 

(a) The Position vectors of Various points are given as 
4AQGÍ-2j-É, ^ Boii 3-45, C(- 74742) 

and D(4î+ 5+) : 
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==» ^ ^ ^ ^ ^ 
T= 03-38) + (j- (C7 2) - 4k- CC IO 
= atase ЭЁ 
oc ^ ^ ^ ^ ^ 
Bc- (1-20 i) 2k = C- 4) 
f =~ 3f- 24 6k 
ome ^ ^ WOTA ^ 
Cb - 4f- (- De sj - jM 2k 
= ај - 2 
ج چ‎ — 
Points A, B, C and D or AB, BC and CD will lie in one plane if. 
Eug ee 
235629. Oy O 


| ge A 


= - 4-20 -2)- 24} - 5(-30 = 2) 230] - 3 124 10)= 9 
> —-1(-21-20)- 5(- 33-24)4 6-0 
> 2+20+15+ 120+6 =0 


= 17+146 =0 
146 
=> à=- IE 
Ans. 3 


(b) Number of balls in the box =9 à j 
Total number of possible ways of drawing 3 balls of any colour 


Totalnumber of ways of 3 balls from the box such that no one of which: 
is black 


6С лой Bis 

BET lo 
6x5x4x|3 
=—ъ ج ی‎ 
3x3x2x1 


=20 


Number of ways of drawing 3 balls containing at least one black 
ball = 84—20 


= 64 
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Ans. 4 


(a) Given complex numbers are Z, 12 and 24-17. 
These complex numbers form the sides of the triangle on the Argand 
diagram. 
When we rotate the complex number Z in the anticlockwise direction 
through an angle 7/2, we get the complex number iZ given. Thus 
these complex numbers form the sides of a right angled triangle with 
right angle at Z 4 iz, 


Area of the triangle = } | Z|*|Z]| [--Areaofa triangle= 
$ х base x height] 


=/ZP 
Ans. 4 

(b) Let A(Zi), B(Z;) and C(Z4) be the vertices of an isosceles right angled 

triangle ABC, 
C (23) 
A(2)) B (22) 
Fig. 15 
As the given triangle is right-angled at C and | BC | = IC |, 
therefore, 
(£27 Z3)= +i(Z1 = 23) (i) 

Consider, 


(GA - Zay = [(21- Z3)+(Za— Zr 
=(Z,- Z3)? + (Z3— Z2)2 -+ 2(2\— 23)(23 - Z2) 
= (21 Zs)? + {+i(Z, - 23))24. 2(Z1- Z3)(Z3— Z2) 
= (21 —2)9+{—(21- Zgn +0(7\1- Z3)(Z3— Z2) 
= 2(21- Z3(Z3— 22) 

Hence (21+ 23)2 - 2(Z1 - 23)(23- 23) 


Ans. 5 
The given system of linear equations can be written as 
(sin 30) х-у+2=0 (1) 
(соѕ 20) x+4y+3z=0 (ii) 
2x4 Ty-- 7220 (iii) 


This system of linear equations will have non-trivial solutions if 
sin 30 -1 1 


cos 20 4 3|-0 


) 2 Does 
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=> sin 30 (4x 7 —7x3) - ( - Y cos 20 — 6}+ 1 (7 cos 20 - 8) - 0 
> 7 sin 30+7 cos20 —6+7 cos 20- 8= 0 

> 7 sin 30— 14 cos 20 — 14-0 

=> sin 30 +2 cos 20- 2-0 

> 3 sin 06 —4 sin? 0+2 (1 -2 sin20)-2—0 

3 sin 0-4 51п30—4 sin? 0=0 ` 

=> sin 0 (2 sin 0+3) (2 sin 6—1)=0 

+ (i) sin 0=0 =б=птт, nel 


1 
) 


(ii) (2sin 0+3)=0 ог sin@= -5 which is not possible 
(iii) (2 sin 9- 1)=0 


д 1 ‚т 
=> sin 9o = sine 


6 


= б=тт+(— nZ, mel 


Thus 0 = пт 
and б=тт+(— Iz are the required values of 0. 
Ans. 6 


The equation is given as: A 
cos A cos B+ (sin A sin В) sin C= 1 
Multiplying both sides by 2. we have 
2 cos A cos B+ (2 sin Asin B) sin C=2 (i) 
Using: 2 cos A cos B=cos (A+ В) +соѕ (4 – B) 
2 sin A sin В= соѕ (A— В) – cos (A+ B) 
Expression (i) becomes, 
{cos (A + В) + соз (A — B)} + (cos (4 = В)- соз (A+ B) sinC-2 (ii) 
Adding and subtracting sin C on the R.H.S. of (ii) we have 
(cos (A+ B)--cos (A— B)} + (cos (A= В) - cos (A+ B} sin C 
= (1--sin C)-- (1 = sin С) 
or (1--sin C) cos (4— B)+ (1 = sin C) cos (A +B) 
=(1+sin C)+ (1 = sin C) 
Dividing by (1 + sin C) on both sides, we get 
-şi (1—sin С) 
E zu © cos (4+В)=1+ (Tin С) 
But A+ B+ C=180° 


cos (A + В) = cos (180° - C) 
=-cosC 


cos (A - B)+ 


-sin с) _, , (1-sin ©) 


cos(4- В) – соз C (ran С) (Fsm C) 
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з cos (4- В)=сов C {СЕ D + 1+ +07329 
"s (1 sin C)(1- cos C) 
(l-4 sin C) : 
ае C < 180°, cos (А— B) > 1 
(1 - sin С) (1 n cos C) o 
(1 +sin C) 
=  (l-sinC)=0 [^ Сут, (1+cosC) # 0] 
or sin C=1 
> C-7. 
i Again, cos (4— B)= 1 = cos 0° 
or A=B 
But А+В+С=т 
ог , 5 At Ban- = 
п 
A= Baz 
Thus A= B= and esr 
a b c 
How, sin4 sin B "sin C 
j XL CAM GTS) MD Ree A 
Ans. 7 
The equation of the perpendicular bisector XY is 
x-y+5=0 (i) 
Slope of XY «1 
Slope of АВ= —1 (€ AB ХҮ) 
The equation of the line AB is 
»- (2) - 1-1) 
or у+х+1=0 (ii) 
Solving (i) and (ii) simultaneously, we have 
==3 
and · у=2 


The coordinates of E will be (7-3, 2) 
_ As Eis the mid-point of AB, 


or «=—7 
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А (1,22) 


В (к, В) i C(p.q) 
Fig, 16 

and EI 4 1 
or В=6 


Coordinates of B will be (—7, 6) 
The equation of PQ is 
x+2y=0 (iii) 
Slope of PQ= ~ 
Slope of AC=2 (AG LEO) 
The equation of AC will be, 
у+2=2(х—1) 
ог y-2x+4=0 (iv) 
Solving (iii) and (iv), we have the coordinates of Fas 


(5:5) 


Similarly, PL ax p= 
—4 04-2 А 
апа ЖЕ делу, ог 4=% 


Coordinates of C will be 5 * 


By using the two-point form, the equation of BC is 


y-6= 5-5) (+7 


(+7-4 
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ots 23(y- 6) = 14(x4- 7) 

or 14x -23y - 40-0 

Thus the equation of BC is 14x t*23y-40-0 
Ans. 8 


Fig. 17 


Let us first find out the coordinates of P and Q. 
Solving: X*-y?-4 and x22 – 4/ 2y 
y-M2y-4-0 


1 узма 216 у у. Зя 


Taking х2 = - V2 x23 74, which gives imaginary values of x 
and we reject y= 24/2 
Taking у= —А/ 7, we get 
Mimi! Dk 24/2 55 
or х= у? |, 
Thus PONZ = 472) and Q(v2,-V2) 


0 
Required area = | vz (у for circle — Y for straight line) dx 
Vz Е 
+ i (у for circle — Y for parabola) dx 


Pre азе [rae 
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VI EE f 
- T dx- d 
[8 A/4- x? dx Ite 


1 [v 
22526 2 
4]. x? dx 
Let 17 [às de 
Put x=2 sin 0 


dx = 2 cos 0 40 
1- | 2 cos 0 x 2 cos 0 40 
-4| cogo do 
-a [pa dà 


= 20 - sin 20 


-| 2 sin"! à 


V2 


=2x—4 142x344 
=т+2 
Putting this value of 7 in (i). 
Ў N d x dV 
Required aae 2-7] + ub 
24/2 
2742 -[0- 1]: [27-0] 
c2 0 viz d 
=m-+24 1-2. 
n й 
ү 2 


Ans. 9 
Let the three distinct real numbers in С.Р. be 
a, ar and `7 ar? 
It is given that 


a--ar t ar? - aS 
and ab-autbeer-s8 


EOD 


(i) 


Fy 


(i) 
(ii) 


ن 
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Squaring (i) and dividing (i) by (ii), we have 


aX1--r4 np 0252 
a(1-4r24 r5) $2 


XEM s 
pr (2+7) 
(1+г+/2)? rd 
ЕРГЕ) Т^ 1 
[^ UR (rp IR 
А (l+r+r2)_ j 
or (rF) 
or (1- rt r2) = 1-4 r+ r2 
or (x2 — 1)r2-- («2 + 1)r-- (42-1) - 0 


It is a quadratic equation in r. Let D be the discriminant of this 
equation, Considering for real roots, D > 0 + 


(223-12 — 402-1) 0 


or att 1 +2a?— 4(54— 29241) > 0 
or —3a4+ 102—3 > 0 
or (322—1)(32- 3) < 0 
- i a E [+ 3 | 
As the given numbers in С.Р, are distinct, 

- rz -1,0,1 
= 02 > 4, L3 
Thus e 1) U (1, 3) 

Ans. 10 


- 8С, n(n1)2-2. р> 
` Let the given un be denoted by S, 
5, -È KC, = n(n 1) 20-2 
Put | n=] 
5-и IC i- 11+ 1) 21-2 


7110, = 1(2) 2-1 
=1х1=1х2° 
5 = 1 = 1, which means it is true for n=1 
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If the given relation is true for n=m, then Sm+1 is given by: 


m! ml 
Sit эў k2mtiCy = 3» k2 ("Ck+"Ck-1) 
k=0 k=0 
pn nC, + "C, а= "*1C;] 


m+ 


1 т+1 

= kam П 2mC,. 
=F mC 1 Y (k + 12C 
k=O k=0 


KZO = 
т m m m 
- 2mC к?т -25 К"С, mC, 
È ence E ener ence pmo 
-2$ amc +2 ence È "б. 
k=O k=0 k=0 


-25,42 $ k"C Y, "Ck 
k=0 k=0 


But Sm = т(т+ 1) dm 
and Sinai = (m + 1)(m+2) 2\т+1)-2 
=(m+1)(m-+2) 2т-1 


mt y Y 
ga incus 2m (m+ 127724 22 k-"Ck+ Ў MC 
=U mi 


к= 
= 2л(т+ 1)2" 2+ 2m х2" + 25 
= 2m-Ag(m + 1) - 27-24-27 
22m-Mm(m + 1) + 2m +2} 
= 2"-1(m(m+ Y) 2(m + 1)} 
= 2m-1(m+ 1)(m+ 2) 


= Smit 
Thus 5, is true, for n= (m+ 1) also. But it is true for all n. 
Hence 
£ к?л C, =n(n-+ 1)2"72 forn > 1 
d k=0 1] i 
Ans. 11 


Case (1): Consider x > а af 
The given quadratic equation becomes х2 2а(х-а)-3@= 0 


ог х?-2ха-а?=0 
Рада 
бє х2 a 
$ — 
_2а42М2 а. 
* 2 = 
=a(l+V 2) 


As a < 0, the only possible root is x= al -v 2). 
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Case (ii): For x < a, the given quadratic equation becomes 
x? + 2a(x —a)—3a?=0 


or х2+2ха= 59220 

ш; 2 2 

is > де EV 207i 
= 220+20у 6 

2 
| =a(-1+4/ 6) 
Asa < 0 and x < а, the only possible root is 

x=a(-1+/ 6) 


Thus the only possible roots are a(1— 4/2) and a(-14-4/ 6). 
Ans. 12 


PA. 
P б c B \ 
ае 9 — dy ae 
Fig, 18 
Let AB be the tower and P be the initial position of the observer such 
that | APB=« 


D and C are the positions of the observer when he moves towards the 
foot of the tower Such that 


| ADC = 2« 
"Wt is also given that 
PD=d) 
and he 
In A APD, ЗАЯ 
РАр- 25 „ 
=a [^ exterior angle of a triangle is 


equal to the sum of two inter- 
ior opposite angles] 
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Similarly, |DAC= 3= 2= 
Thus PAD is an isosceles triangle, such that PD=DA 
DC AD 
From Л ADC, gîn a sin (180° — 3a) 
| PD 
~ sin 3x 
3d/4 d 
or ہے‎ a سے‎ 
sina sin 3% 
or 355 
4sin« sin3x 
or 3 sin Зх= 4 sin « 
or 3(3 sin «—4 sin? a) =4 sin « 
or 9 sin «— 12 sin? «—4 sin « 
Or sin «(5—12 sin? о) = 0 
As sin «#0, 5-12 sin? «=0 
5 
i Ae gi S di 
T sin? 2 = 75 
, ; h 
Consider A ADB, sin 2x — d 
or 2 sin « cos «= 
ог h=2d sin « cos ® 
or i2 = Ad? sin? х cos? ® 
С 5 я ы ы C gis c 
But sin? х= 75 s. соз? а= 1 15=1 
53x 
AA eee 
Wadd? x75 * үз 
or 36m = 35d? 
Ans. 13 


| sin-!4/x — cos"! Vx 
T= Sin’ Vx = dx 
sin x t cos! x 


Since _ sin-!4/ x 4 cos! V x= = 
i-2| (sin-/ x — cos-!/ x) dx. 
E E — cos! / x- cos"! ух) ах 
т)\2 


2 E 
= Ee —2 cos-!4/ x) dx 
т i 


(i) Let 
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In order to solve r= [cosy dx, put V x=cost 


1 


ог ax ЧАТ - sin t di 


r= [cos (cos ){-2+/ x sin t dr) 
= - [ates t sin t dt 
= - [rn 2t dt 


--[: (-% SEM) | 1 


-5 er sin 2t (i) 


Putting the value of /’ from (ii) into (i), we have 


ок -45 poner E Pe where t — cos-!4/ x and c is a cons- 
tant of integration. 
Ans. 13 
ii x dx 
ае те 
utem ede 
o 1+cos« sin (т — xX) 
ML os C " x dx 
o1+cosa sin х Jo 1 cosa sina 


Es T fe) а |, fa-s)dx| 


" dx 
res[ T¥eos & sin х l 


7 [7 dx 
T Tess o 1 cos « sin x 
x ` ы / 
Put физ оу. 
«ee \ 

dt 2 Sec 9.4% Я 
2 tan x/2 ns 2t. 
1+tan?x/2~ 1722 
when x=0, r230 
and for x-m, t= o 


As sin x= 
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22] ПЕЕ 2 
[iet p t 
ey ee аав а 
f (12-12) +21 cos ® 


eo 
=n or, 
j^ (t+ cos a)?-* sin? « 


=7х l xtan! Cx) 


sin ® sin х 
dx id ‚ 0*2) 

[ ers Os b | 

ог -| "хш tm (=s) 
sin« sina / |0 
m——— -1 ті 
=n, [tan оо – tan-! (соїа)] 2 
т / 
| a {tan (5-« y 
gin «| 2 
т т 
-2(5-F**) 

or jae fo O <a <F 

sin ® 
Thus тати О << т 

]-cos«sinx sme 
Ans. 14 
А (pep) 
B 
(Ф .q) 


Fig. 19 ' 


In A ABC, E divides side AC in the ratio x : 1. Then, 


SS 
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Ар x. 

DC FA 1 

Pee AE x ( 
DC РАЕС 1 y 
Area of parallelogram AFDE = AE x AF x sin A 


Similarly, 


UI 
“T+ x) sin A 


Hn х 
= bc sin A li i 


; x 
Let f(x) = bc sin A 172} 


=k {т^ where k — bc sin A 


x) = ЈС D?-1 = x«2(x 4 10) 
a mor 


Í-2x 
aks ne) 


=, 0-3 
d (x+1)? 
/'(х) =0 gives (1—х)=0 = x-1 
As f'(x) < 0 for x=1, it corresponds to the condition for f(x) to be 
maxima at х = 1. 
This suggests that D, E and F are the mid-points of the sides. 
Area of parallelogram AEDF =} Area of ^ ABC 


cp 
TPxixiqd q ı 


ROTO 0 
=p +a(a+r)| (a-r) 1 о 


rh FM 
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=1(р+4)(9 +п){(р-4)01)+ 1(q-r)+0} 


=1(p+ q4 +r)(p 


-r) 


Thus the maximum area of the parallelogram is equal to 
ї1(р+4)}(4+т)(р—") 


Апз. 15 


The given function f(x) is defined in the interval [ 2, 2] such that 


Дх)= 


x-1, 


-1l, -2<х<0 


\ 


0=х<2 


Given g(x) =f( | x 12 | f(x) | 


We are required to test 


the differentiability of g(x) in (—2, 2). Let us 


rewrite g(x) for various intervals. 


(i) For Di рс 


(ii) For 0 < x sb 


(iii) For 1 < x S 2, 


8(х)= 0. - 


g(x)=f( | x D [Јо | 
== 
gof jo IŒ) | 


[p E 


-0 
g(x)=fC| x 1+ | fo) | 


=2(х- 1) 
=i =-2<x<0 
0<х<1 
2(x — 1), 1<х<2 


Thus, the given function g(x) is differentiable at all other points except 
at x= 0 and x= 1, It is shown below in the graph. 


Y 
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Ans. 16 
Equations of the given lines are 
5x--12y— 10-0 ü) 
$x-12y- 40-0 (ii) 
Adding (i) and (ii) we have 
10x — 50-0 
or х=5 
Putting x = 5 in (i), we get 
5 
pU 


Thus the given lines intersect at a point whose coordinates are 


(s 1 i) 
Equations of angle bisectors of the given lines will be given by 
2x3 1257 101. |: Sx— 12-40: 
VO + (12 EVOP (= 1292 
or Sx + 12y- 10= + (5x— 12у – 40) 


Taking -+ ve sign, we have, y= — 5/4 
Taking — ve sign, we have х= 5 
Since C, lies in the first quadrant, we can write the coordinates of 


Cı as (5, 1). As radius of Cı is 3, the'only possible value for / —2, the 
other is not admissible as it does not lie in the first quadrant. 


Centre of the circle Cı, and hence the centre of the circle C», will 
have coordinates given by (5, 2). If ris the radius of circle C2, we 


have 
r?= (4 (3 
=25 
or r=5 


Thus the required equation of the circle C will be 
) = 5)? + (y- 2g = (59 
| ог Х®+ у°-10х-4у+4—=0 
Ans. 17 i , 
Let n be total number of articles, 
? n=20 


Suppose m be the number of testings required such that for ending 
the testing procedure, m=12, "8° req 
by е dePresent the def ti icles b - ticles 
by E, then the arrangement "s Qs by D and non-defected artic 


t 
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D 
* (r— 1)D'sx (т T)E'S 
| > 


25 
for (m — 1) places 
mth 


can be made in (m-1C,_1 X | г) x ("-"Pm-r) Ways. 


Total number of possible ways ="Pm 
The probability P(r) of the above arrange 
m-1C,_4 x | rx n= Pmr 
P(n=~ Бэ 

(r) nPm 


ment will be given by 


Let us find out P(2) and P(3) for m= 12 and л = 20. 
12-10, 4x|2 x 2072Рл2-2 
M NC, x2 х 18 Pig 
J8 20Pi5 
EID 
|20 x8. 


12-1 20-3 
P(3)= seal Pas 
Es 


MHC;x3x2x 1x Ps 
dY 20Р; 


11x6x|17x|8. 4 


mA—— a 
[9.x]12x|8 хро 
11x 10x 6x |17 


س وح 


E sauce 


Probability of having exactly 2D’s=0.4 ‘ee! 


Probability of having exactly 3D's = 0.6 КД А 
Probability that the testing procedure ends at the twelfth testing 
MCI 


204x P(2)+0.6 x P(3) 
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Thus the required probability is 


Ans. 1 


(i) over 
(ii) to 
(iii) on 
.(iv) into 
(v) for 


Ans. 2 


(i) exposure 
(ii) breakage 
(iii) annoyance 
(iv) demolition 
(v) repitition 


Ans. 3 


(i) had worked 
(ii) looking 
(iii) had bolted 
(iv) to have discovered 
(у) was still burning 


Ans. 4 


(i) (B) 
(ii) (A) 
(iii) (A) 
(iv) (C) 


( (В). НЧЕ abi 


Ans. § 


(i) The good piece of n 


44x 64-66x 5 
777711400 


264 4-330 
= 11400 


99 


1900 
PART A 


(vi) on 
(vii) around 

(viii) to 

(ix) beyond 
(x) up 


(vi) hasten 

(vii) deduce 

(viii) distinguished 
(ix) full 
(x) fright 


(vi) asked 
‚ (vii) has been practising 
(viii) would have played 
(ix) being told 
' (х) hung. 


2 
As 


(vi) (B) 

(vii) (A) 
| (уш) (С), 

(їх) (В) 
bsy) (B) 
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PART B 


Important note: The candidate is expected to answer questions of PART B 
in his own words as far as possible. Marks for compositions are awarded on 
the criteria of (i) relévance of subject matter, (ii) control over language and 
(iii) organization, which involves the development of the subject in alogical 
and coherent manner. Unduly long answers (in case the word-limit is mention- 
ed) are penalised. Serious errors of grammar and usage will also be penalised. 
A mere reproduction of sentences from the original passage (in case of 
Question 9) does not fetch any marks. For getting good marks in ‘Part B' 
answers should be brief and relevant. Above all, the candidate must have a 
good control over the English language. 


== 
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QUESTION PAPERS 


PHYSICS 
Time ALLOWED: 3 Hours Maximum Marks: 100 


Attempt all questions from Part А and any eight questions from Part B. 


Note—(1) Answers must be written in English. 

(2) Figures in brackets on the right hand margin indicate the 
marks for the corresponding questions. 

(3) Answers to Part A must be given only on the first six pages 
of the answer book in the order in which the questions appear 
in the question paper. 

(4) The answer to each question of Part B should begin on a 
fresh page. 

(5) Answer all parts of a question at one place. 

(6) Logarithmic tables will be supplied. However, use of calcula- 
tors or slide rules is not permitted. 

Useful physical data: 

Acceleration due to gravity (g) = 9.8 m/s? 

Gas constant (R) = 8.3 J/kmol. KU M US 
Permeability of vacuum (xo) = 47 X' 1077. N/A? 
Boltzman constant (k) = 1.38 X 1072 J/K 
Density of water = 10? kg/m? 

1 eV = 1.6 x 1097. 


{А 


PART A 


alternative(s) in each case and write down the corresponding letter(s) 
(A), (B), (C) or (D) in your answer book. For each part marks will 
be awarded only if all the correct alternaives are ie AREE written: 


2 Question Papers 


(i) Four physical quantities are listed in Column T. Their values are 
listed in Column II in a random order: 


Column I Column II 
(а) Thermal energy of air molecules at (e) 0.02 eV 
room temperature. 
(b) Binding energy of heavy nuclei per (f) 2 eV 
nucleon. 
(c) X-ray photon energy (g) 1 KeV 
(4) Photon energy of visible light (h) 7 MeV 


* The correct matching of Columns I and H is given by: 
(A)a—e,b—hc—g,d—f 
D (Ba—eb—sgc—fd-—h 
(Qa—fb-ec—gd-—h 
(D)a—f,b—h,c—ed—g 
(ii) A particle is acted upon by a force of constant magnitude which 


is always perpendicular to the velocity of the particle. The 
motion of the particle takes place in a plane. It follows that: 


(A) its velocity is constant 
(B) its acceleration is constant 
(C) its kinetic energy is constant 
(D) it moves in a circular path 
Jis (iii) A particle executes simple harmonic motion with а frequency, f. 
t » The frequency with which its kinetic energy oscillates is: 
(A) 72 (B) f (C) 2f XD) 4f 
(iv) The displacement of particles in a string stretched in the x-direc- 


tion is represented by y. Among the following expressions for y, 
those describing wave motion are: 
` (A) cos kx sin ot (В) k2x2 — «2,2 (C) cos? (kx + wt) 
(D) cos (kx — w212) 
(у) A charge q is placed at the centre of the line joining two equal 
rene 2 е system of the three charges will be in equilibrium 
i al to: 


ug 299. Q Q 
(A) ©. (B) 4 (С) + ‘4, О?) ай н 


(vi) А parallel plate capacitor is charged and the charging battery is 
en disconnected. If the plates of the capacitor are moved 
farther apart by means of insulating handles: 


(A) the charge on the Capacitor increases 
/ (A) the voltage across the plates increases 
(C) the capacitance increases — 
(D) the electrostatic energy stored in the capacitor increases 
. (vii) Photoelectric effect supports quantum nature of light because: 
there is a minimum frequency of light below which no 
6) перама аА depends onl 
Ит maximum ic е: f lectrons nds only 
‘© on the frequency i ptg oie eee 


Question Papers 3 


(C) even when the metal surface is faintly illuminated, the 
photoelectrons leave the surface immediately. 


(D) electric charge of the photoelectrons is quantized. 
(viii) During a negative beta decay: 
(A) an atomic electron is ejected. 
(B) an electron which is already present within the nucleus is 
ejected. 
(C) a neutron in the nucleus decays emitting an electron. 
(D) a part of the binding energy of the nucleus is converted into 
an electron. 
(ix) During a nuclear fusion reaction: 
(A) a heavy nucleus breaks into two fragments by itself. 
(B) a light nucleus bombarded by thermal neutrons breaks up. 
(C) a heavy nucleus bombarded by thermal neutrons breaks up. 
(D) two light nuclei combine to give a heavier nucleus and 
possibly other products. à 
2. Fill in the blanks in the following statements. Indicate the subdivision 
number and write the answer corresponding to the blanks in your 
answer book. (9 x 2 = 18) 
(i) A spotlight S rotates in a horizontal plane with a constant 
angular velocity of 0.1 rad/s. The spot of light P moves along 
the wall at a distance of 3 m. The velocity of the spot P when 
0 = 45 degrees (see Fig. 1) is ......... m/s. 4 


Gi) A geostationary satellite is orbiting the earth at a height of 6 R 
above the surface of the earth, where R is the radius of the earth. 
The time period of another satellite ata height of 2.5 R from 
the surface of the earth is.....-.--- hours. 

(iii) A particle of mass 4 m which is at rest explodes into three frag- 
ments. Two of the fragments, each of mass m, are found to move 
with a speed о, each in mutually perpendicular directions. The 
total energy released in the process of explosion y" NONIS 

(iv) A wire of length L and’ cross sectional area is made of a 
material of Young's modulus Y. If the wire is stretched by an 
amount x, the work done is ......:... 


has a volume of 0.0075 m°. The fundamental frequency of 
vibration of the wire is 260 Hz. If the suspended mass is comple- 
tely submerged in water, the fundamental frequency will ‘become 
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(vi) A thin lens of refractive index 1.5 has а focal length of 15 cm 
| in air. When the lens is placed in a medium of refractive index 


4, its focal length will become ......... cm. 


(vii) During an experiment, an ideal gas is found to obey an additional 
law VP? = constant. The gas is initially at a temperature Т, 
and volume V. When it expands to a volume 2V, the temperature 
becomes .......... 

- (viii) An electric bulb rated for 500 W at 100 V is used in a circuit 
having a 200 V supply. The resistance R that one must put in 
series with the bulb, so that the bulb delivers 500 W is ......... ед 

(ix) A wire of length L metres carrying a current і amperes is bent 
in the form of a circle. The magnitude of its magnetic moment 

ds ......... in MKS units. 

3. State whether the following statements are true or false. Give reasons in 
brief in support of your answer. Marks will be awarded only if correct 
reasons are also given. (4 × 2 = 8) 

(i) Ata given temperature, the specific heat of a gas at constant 
pressure is always greater then its specific heat at constant 
volume. 

(ii) The Toot mean square (rms) speed of oxygen molecules (O2) at 
а certain temperature T (degree absolute) is V. If the temperature 
is doubled and oxygen gas dissociates into atomic oxygen, the 
rms speed remains unchanged 

(iii) In a Young’s double slit experiment performed with a source of 
white light, only black and white fringes are observed. 

(iv) A conducting rod AB moves parallel to the x-axis (see Fig. 2) in 
a uniform magnetic field pointing in the positive z-direction. The 
end A of the rod gets positively charged. 


Question Papers 5 


Fig. 3) and released. The ball hits the wall, the coefficient of restitution 
being ye What is the minimum number of collisions after which 
the amplitude of oscillation becomes less than 60 degrees? : (7 


Fig. 3 


6. A small sphere rolls down without slipping from the top of a track 
in a vertical plane. The track has ай elevated section anda horizontal 
part. The horizontal part is 1.0 metre above the ground level and the 
top of the track is 2.4 metres above the ground. Find the distance on 
the ground with respect to the point B (which is vertically below the 
end of the track as shown in Fig. 4) where the sphere lands. During : 
its flight as a projectile, does the sphere continue to rotate ‘about its 
centre of mass? Explain. (7) 


Fig. 4 


7. The following equations represent transverse waves: (7) 
zi = A cos (kx — ot) 
22 = A cos (kx + ot) 
z3 = A cos (ky — ot) 
Identify the combination(s) of the waves which will produce (i) stand- 
ing wave(s), (ii) a wave travelling in the direction making an angle of 
45 degrees with the positive x and positive y axes. In each case, 
find the positions at which the resultant intensity is always zero. 


р SR 
8. An ideal gas has a specific heat at constant pressure CR The 


gas is kept in a closed vessel of. volume 0.0083 m3, at a temperature of 
300 К and a pressure of 1.6 Х 10° N/m?. An amount of 2.49. x, 10* J 
of heat energy is supplied to the gas. Calculate the final temperature 
and pressure of the gas. T >р ү 
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9. 


10. 


11. 


12. 


Three point charges q, 2q and 84 are to be placed on а 9 cm long 
straight line, Find the positions where the charges should be placed 
such that the potential energy of this system is minimum. In this 
situation, what is the electric field at the position of the charge q due 


to the other two charges? (7) 
An infinite ladder network of resistances is constructed with 1 2 and 
2 Q resistances, as shown in Fig. 5. P (7) 
А 1л 1n 10 1n 
6۷ 2n 2n 2n 
в d V R 
Fig. 5 


The 6-V battery between A and B has negligible internal resistance. 
(i) Show that the effective resistance between A and В is 2 О. 
(i) What is the current that passes through the 2 © resistance nearest 
to the battery? 


Two long straight parallel wires are 2m part, perpendicular to the 
plane of the paper (see Fig. 6). The wire 4 carries a current of 9.6 A, 


10/11 m from the wire B, is zero. (7) 
A 
9 
a 
Е % 
е 
eS 
2 
ye 
BO 
10/11m 
ФР 
Fig. 6 
Find: 


(i) The magnitude and direction of the current in B. 
(ti) The magnitude of the magnetic field of induction at the point 5. 
(iii) The force per unit length on the wire B. 


A right prism is to be made by selecting a proper material and the 


angles А and B(B < 4), as shown in Fig. 7. It is desired that a ray 


of light incident on the AB emerges parallel to the incident Menon 
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Fig. 7 


(i) What should be the minimum refractive index n for this to be 
possible? 


(ii) For n = i is it possible to achieve this with the angle B equal 


to 30 degrees? А 

13. A triode has plate characteristics in the form of parallel lines in the 
region of our interest. At a grid voltage of —1 У, the anode current I 
(in milli-amperes) is given in terms of plate voltage V (in volts) by 
the algebraic relation: (7) 
I= 0.125 V — T5 
For grid voltage of —3 V, the current at anode voltage of 300 V is 
5 mA. Determine the plate resistance (rp), transconductance (gm) and 
the amplification factor (и) for the triode. 


CHEMISTRY 


TIME ALLOWED: 3 HOURS MAXIMUM MARKS: 100 


Note (1) Answers must be written in English. 

(2) Figures in brackets on the right hand margin indicate the marks 
for the corresponding questions. 

(3) Answers to Part A must be given only on thefirst six pages of 
the answer book in the order in which the questions appear in the 
question paper. 

(4) Answers to each question of Part B should begin on a fresh 
page. ; 

(5) Answer all parts of a question at one place. 

(6) Logarithmic Tables will be supplied. But use of calculators or 
slide rules is not permitted. 

(7) Values of some physical constants: 

Atomic masses: Br = 80.0, C = 12.0, Cd = 112.4, ,H == 1.0 
O = 16.0, Na = 23.0. 
1 faraday = 96,500 coulombs. 


8 Question Papers 
PART A 


1. For each sub-question given below, four answers are given of which 


only one is correct. Write down the correct answer in the answer-book 
as illustrated by the following example: 


[The lightning bolts in the atmosphere cause the formation of: 
(A) NO (B) NH; (C) NH4OH (D) NH20H. 
The answer is to be given as (A)] 
(20 x 1 = 20) 
(i) The first ionisation potentials in electron volts of nitrogen and 
oxygen atoms are respectively given by— 
(A) 14.6, 13.6 (B) 13.6, 14.6 (C) 13.6, 13.6 
(D) 14.6, 14.6 

(ii) Atomic radii of fluorine and neon in Angstrom units are 
respectively given by— 

(A) 0.72, 1.60 (B) 1.60, 1.60 (C) 0.72, 0.72 
(D) None of these values. 

(iii) When mercuric iodide is added to the aqueous. solution of 

potassium iodide the— 

(A) freezing point is raised. 

(B) freezing point is lowered. 

(C) freezing point does not change. 
(D) boiling point does not change. 

(iv) A solution of sodium sulphate in water is electrolysed using 
inert electrodes. The products at the cathode and anode are 
respectively— 

(А) H2, Оз (В) О, H2 (C) O», Na (D) О», SO? 

(V) The brown ring complex compound is formulated as [ Fe(Hz0)s 

(NO)*] 803. The oxidation state of iron is— 
(A) 1 (B) 2 (C) 3 (D) 0 
(vi) The Sitronegativity of the following elements increases in 


the order— 
(A) C, N, Si, P- (B) N; Si, C, P. (C)Si,P, C, N 
(D) P, Si, N, C 
(vii) Of the following compounds, which will have a zero dipole 
moment? 
(A): 1,1-dichloroethylene (C) trans-1; 2-dichloroethylene 


(B) cis-1, 2-dichloroethylene (D) None of these compounds. 


(viii) The bond between carbon atom (1) and carbon atom (2) in 
compound— 


N= c3 CH=CH; involves the hybrids as 
(A) sp? and sp? (В) sp? and sp (С) sp and sp? 
(D) sp and sp 
(ix) The IUPAC name of the compound CH;— CH — CH (СНз) is— 
(A) 1,1-dimethyl 2-propene (C) 2-vinylpropane 
(B) 3-methyl 1-butene (D) 1-isopropyl ethylene 
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(x) Which of the following will have least hindered rotation about 
carbon-carbon bond? 
(A) Ethane · (B) Ethylene (C) Acetylene 
(D) Hexachloroethane 
(xi) If two compounds have the same empirical formula but different 
molecular formulae they must have— 
(A) different percentage composition. 
(B) different molecular weight. 
(C) same viscosity. 
(D) same vapour density. 
(xii) Which of the following oxides of nitrogen is a coloured gas? 
(A) N20 (B) NO (С) №04 (р) NO2 
(xiii) The number of isomers of CeHi4 is— 
()4 (Q5 (©6 (7 
(xiv) When a lead storage battery is discharged— 
(A) 502 is evolved. (C) Lead sulphate is consumed. 
(B) Lead is formed. (D) Sulphuric acid is consumed. 
(xv) The metallic lustre exhibited by sodium is explained by— 


(A) diffusion of sodium ions. 

(B) oscillations of loose electrons. 

(C) excitation of free protons. 

(D) existence of body centred cubic lattice. 
(xvi) n-Propyl bromide on treatment with ethanolic potassium 

hydroxide produces— 

(A) Propane (B) Propene (C) Propyne (D) Propanol 
(xvii) Amongst the trihalides of nitrogen, which one is least basic? 


(A)NE,  (BNCh (©) NBrs (D) Nb 


(xviii) Hydrogen bonding is maximum in— 
(A) Ethanol (В) Diethylether (C) Ethyl chloride 
(D) Triethylamine 
(xix) Which ofthe following compounds is oxidised to prepare methyl 


ethyl ketone? 
(A) 2-Propanol ^ (B) i-Butano| ^ (C) 2-Butanol 


(D) 1-Butyl alcohol 3 4 
(xx) Bromine сап be liberated from potassium bromide solution by 


action of— \ 

(A) Iodine solution ` (B) Chlorine water 
(C) Sodium chloride (D) Potassium iodide 

>. Fill in the blanks with appropriate words: - 
(i) Hydrogen gas is liberated by the action o 
centrated solution of........ 


(ii) The electrical conductivity of a solution of acetic. acid will be... 
tp hei if a solution of sodium hydroxide is added. 


(iii) Silver chloride is springly soluble. in water because its lattice 
energy is greater {һап.............- energy. | 


f aluminium with con- 


\ 
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(iv) The value of PV for 5.6 litres of an ideal gas is............ RT, at 
NTP. 


(V) Qus aged phosphorus is reactive because of its highly strained 
tetrahedral structure. 


3. State whether the following statements are true or false. 1f false, give 
the correct statement: 
(10x1 — 10) 
(i) In benzene, carbon uses all thethree p-orbitals for hybridisation, 
(ii) Sodium when burnt in excess of oxygen gives sodium oxide. 
(iii) Catalyst makes a reaction more exothermic. : 
(iv) Graphite is a better lubricant on the moon than on the earth, 
(v) sp? hybrid orbitals have equal s and p character. 
(vi) The reaction of methyl magnesium iodide with acetone followed 
by hydrolysis gives secondary butanol. 
(vii) Dipositive zinc exhibits paramagnetism due to loss of two elec- 
trons from 3d-orbital of neutral atom. 
(viii) An electron donating substituent in benzene orients the incom- 
ing electrophillic group to the meta position. 
(ix) From the solution containing copper (4-2) and zinc (+2) ions, 
copper can be selectively precipitated using sodium sulphide. 
(х) In Group IA, of alkali metals, the ionisation potential decreases 
own the group. Therefore lithium is a poor reducing agent. 
4. Write balanced equations for the following reactions: (5х1 = 5) 
(i) Phosphorus is reacted with boiling aqueous solution of sodium 
hydroxide in an inert atmosphere. 
(ii) Dilute nitric acid is slowly reacted with metallic tin. 


(iii) Potassium permanganate is reacted with warm solution of oxalic 
acid in the presence of sulphuric acid. . 


(iv) Gold is dissolved in aqua regia. j 
(v) Acetamide is reacted with bromine in the presence of potassium 


hydroxide, 

5. (a) Explain the following in one or two sentences only: (5х1 =5) 
(i) Magnesium oxide is used for the lining of steel making furnace. 
(ii) The mixture of hydrazine and hydrogen peroxide with à 

copper(II) catalyst is used as a rocket propellant, 

\ (ш) Orthophosphorous acid is not tribasic acid, 
(iv) Phenol is an acid but it does not react with sodium bicarbonate. 
(v) The molecule of magnesium chloride is linear whereas that of 
stannous chloride is angular. 

(0) A mixture of two Salts was treated as follows: (5) 


;Was heated with manganese dioxide, and concen” 


red litmus blue. 

ater gave blue precipitate with potassium 
: coloration with ammonium thiocyanate. 
(iv) The mixture was boiled with Potassium hydroxide and the 


liberated BaS.was bubbled through an alkaline solution of 
K2Hgl, to give brown precipitate. i 


Р a 
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Identify the two salts. Give ionic equations for reactions involved 
in the tests (i), (ii) and (iii). 


PART B 


6. (a) Answer the following questions briefly: (5х1 = 5) 
(i) What is the actual reducing agent of haematite in blast 
furnace? 
(ii) Give the equations for the recovery of lead from galena by air 
reduction. 
(ii) Why is sodium chloride added during electrolysis of fused 
anhydrous magnesium chloride? ; 
(iv) Zinc and not copper is used for the recovery of metallic silver 
from complex [Ag(CN)2]-. Explain. 
(v) Why is chalcocite roasted and not calcinated during recovery 
of copper? 
(b) Answer the following with suitable equations wherever necessary: 
i (5х1 = 5) 
(i) How can you prepare benzene from lime? 
(ii) How will you convert toluene to m-nitrobenzoic acid? 
(iii) Suggest a reagent to distinguish acetaldehyde from acetone. 
(iv) What happens when excess chlorine is passed through boiling 
toluene in the presence of sunlight? 
(у) What effect should the following resonance of vinylchloride 
have on its dipole moment? 


CH: = CH — Cl e СН: — СН = CH. 


7. (а) A spherical balloon of 21 cm diameter is to be filled up with hydro- 
gen at NTP from a cylinder containing the gas at 20 atmospheres 
at 27°C. If the cylinder can hold 2.82 litres of water, calculate the 
number of balloons that can be filled up. (5) 

(b) What is the pH of the solution when 0.20 mole of hydrochloric 
acid is added to one litre of a solution containing (5) 
(i) 1 M each of acetic acid and acetate ion? 
Gi) 0.1 M each of acetic acid and acetate ion? 
Assume the total volume is one litre. Ka for acetic acid =; 1.8x 1075. 

8. (a) (i) What is the weight of sodium bromate and molarity of solution 

necessary to prepare 85.5 ml of 0.672N solution when the half- 
cell reaction is— j h 

BrO; + 6H* + 6e” > Bro + 3H20 

(ii) What would be the weight as well as molarity if the half-cell 
reaction is— 
2BrOs + 12H* + 10e- — Вг + 6H20 

(6) Ata certain temperature equilibrium constant (Ke) is 16 for the 
reaction— е : (5) 


SO(g) + NOx(g) = SOx(g) + NO(g) 
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If we take one mole of each of all the four Bases in a one litre 
container, what would be the equilibrium concentration of NO 
and NO2? 


9. (a) A 100:W, 110-V incandescent lamp is connected in series with an 
electrolyte cell containing cadmium sulphate solution. What weight 
of cadmium will be deposited by the current flowing for 10 hours) 


(5) 
(b) A first order gas reaction has К = 1.5 x 10-5 per second at 200°C, 
If the reaction is allowed to run for 10 hours, what percentage of 
the initial concentration would have changed in the product? What 

is the half life of this reaction? 


10. (a) An unknown compound of carbon, hydrogen and oxygen contains 
69.77% carbon and 11.63% hydrogen and has a molecular weight 
of 86. It does not reduce Fe ing’s solution, but forms a bisulphite 


addition compound and gives a positive iodoform test. What are 
the possible structures? 


@) An organic compound (A) on treatment with. acetic acid in the 
presence of sulphuric acid produces an ester (B), (A) on mild oxi- 
dation gives (C), (C) with 50% potassium hydroxide followed by 
acidification with dilute hydrochloric acid generates (A) and (D) 
(D) with phosphorus pentachloride followed by reaction with 
ammonia gives (E), (E) on dehydration produces hydrocyanic acid. 


Identify the compounds А, B. C. D and E, 6 


MATHEMATICS 


Time ALLOWED: 3 Hours Maximum MARKS: 100 


Note (1) Answers must be written in English. 
(2) Figures in brackets'on the right hand margin indicate the marks 
for the Corresponding questions. 


(3) Answers to Part A must be given only on the first six pages of 


the answer book in the order in which the questions appear in the 
question paper, 1 


(4) Answer to each question of Part B should begin on a fresh page 
(5) Answer all parts of a question at one place. 


Use of calculator, logarithmic, trigonometric and statistical 
tables and graph paper is not allowed. 


PART A 


Notes (1) Attempt ail questions in this Part. 


(2) You are advised to show the rough work used to arrive at the 
conclusion. ) 
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1, There are ten parts in this question. Each part has one or more than 


one correct answer. For each part, write the letters from (A), (B), (C). 
(D), (E) corresponding to the correct answers. (10 x 2) 
(i) If a, b, c, d and p are distinct real numbers such that: 


(д2 + b2 + dp? — Aab + be + cap +P + @ +. @) < 0, 


then a, b, c, d 
(A) are in A.P. (B) are in G.P. 
(C) are in H.P. ` (D) satisfy ab = cd 


(Е) satisfy none of these. 


(ii) In a triangle, the lengths of the two larger sides are 10 and 9, 
respectively. If the angles are in A.P., then the length of the 
third side can be: 


(А) 5— V6 (B) 3/3 (С) 5 
(0) 5 + V6 (E) none of these. 
(iii) The smallest positive root of the equation, tan x — X = 0 
lies in: 
пт п 
(А) (0, 5) (В) (3 ») 
3r 3r 
© (3) o) (Ez) 


(E) none of these. 


(iv) The probability that at least one of the events 4 and B occurs 
is 0.6. If 4 and B occur simultaneously. with probability 0.2, 


then P(A) + P(B) is: 
(A) 0.4 (B) 0.8 (C) 1.2 
(D) 1.4 > (E) none of these. 
(Here A and В are complements of A and B, respectively.) 
(v) If zı and z2 are two nonzero complex numbers such that 
[а + 221 = [414121 
then Arg zi — Arg 22 is equal to: 


(А) =m (B). -5 уго 
(D x (Ет | 


M j x ` 
(vi) The set of all points where the function f(x). = Gt +i) is 


differentiable, is: 
(A) (— %, ©) (91,9) (© (=0,0)000, 2) 


(D) (0, ©) (E) none of these. 
(vii) The value of Ў (sin lg s i cos >ы 
к=1 7 dae 7 
(A) —1 (B) 0 ROT 
(D) 4 эло 290185 Б) Пойе of theses 512 
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(viii) The number of vectors of unit length perpendicular to vectors 
а = (1, 1, 0) and b = (0, 1, 1) is: 
(A) one (B) two (C) three 
(D) infinite (E) none of these. 


(ix) Let f and g be increasing and decreasing functions, respectively 


from [0, оо) to [0, o). Let A(x) = f(g()). If (0) = 0, then 
h(x) — (1) is: 


(A) always zero (B) always negative 


(C) always positive (D) strictly increasing 
(E) none of these. 


(x) The number of all possible triplets (a1, a2, аз) such that 
4: + аг cos (2х) + аз sin? (х) = 0 for all x is: 


(A) zero (B) one (C) three 
(D) infinite (E) none of these. 
2. This question contains ten incomplete statements. Fill in the blanksso 
that the statements are correct. Write only the answers. (10x2 


(i) The set of all x in the interval [0, 7] for which 
2sin? x —3 sinx + 12 0, is... 3 
(ii) The area of the triangle formed by the tangents from the point 


4, 3) to the circle х2 + у? = 9 and the line joining their 
points of contact is ......... 


(iii) A polygon of nine sides, each of length 2, is inscribed ina 
circle. The radius of the circle is 


(iv) If the vectors ai + j + k, i+ bj + k and i + j + ek (ah 
c # 1) are coplanar, then the Value of 


„ы Кз. 


5 for which In (1 T X) € x is equal to ..5...- 
mA ^ ^ > 

(viii) Let 5 = 4i + 3j and c be two vectors perpendicular to each 
* other in the Xy-plane. All vectors in the same plane having 


. . > > ` 
projections 1 and 2 along b and c, respectively, are given by 


бу: aia (3) 
is real, then the set of all possible values of x is 


7 


Note: 
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(x) Let— 
sec x cosx sec?x + cot x cosec x 
f(x) = | cos x cos? x cosec? x 
1 cos? x cos? x 


7/2 
Then f fx) dx = 57.7. 


PART B 


(1) Attempt all questions 
(2) Justify your answers with mathematical arguments. 


3. (a) A student is allowed to select atmost п books from a collection 


(b) 


4. (a) 


(b) 


5. (a) 


(b) 
6. (a) 


(b) 


of (2n + 1) books. If the total number of ways in which he can 
select at least one book is 63, find the value of л. (3) 


Let a given line Lı intersect the x and y axes at P and Q, respecti- 
vely. Let another line L2, perpendicular to Lı, cut the x and y 
axes at R and S, respectively. Show that the locus of the point 
of intersection of the lines PS and OR is a circle passing through 
the origin. (3) 


Prove by mathematical induction that: (3) 


QUU 7 d 
Zwy ^ nr) 


for all positive integer 7. 


Find the set of all x for which— j (3) 
bea охо eg p 
(2x2 + 5x +2) 7 @+D 

The circle х2 + 2 — 4x — 4y + 4 = 0 is inscribed in a triangle 


which has two of its sides along the co-ordinate axes. The locus 
of the circumcentre of the triangle is: 


x +y — xy + k(x? +)? = 0. Find К. (4) 


Let f(x) be a continuous function and g(x) be a discontinuous 
function. Prove that f(x) + g(x) is a discontinuous function. (2) 


A 2 im long object is fired vertically upwards from the midpoint 
of two locations A and В, 8 m apart. The speed of the object 
after t s is given by ds/dt = (2t + 1) m/s. Let « and В be the 
angles subtended by the object at 4 апа B, respectively after one 
and two seconds. Find the value of cos (« — P): (3) 
Let «ij, оз and Bi, Ёз be the roots of ax? + bx + с = 0 and px? 
+ qx +r = 0, respectively. If the system of equations шту 
+ az = 0 and fiy + Baz = Ohas а nontrivial solution, then 


prove that 5 = x he Fiol». | (3) 
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7. (a) Solve for x the following equation: 
logax+3)(6x + 23x + 21) 
= 4 — logaxen(4x? + 12x + 9). (3) 
(b) A man takes a step forward with probability 0.4 and backwards 
With. probability 0.6. Find the probability that at the end of 
eleven steps he is one step away from the starting point. 9) 
8. (a) Find the point on the curve: 
Ф2 + Фу = 42, 4< 00 <8 


that is farthest from the point (0, — 2). (3) 
(b) a fix) be a function satisfying the condition f(— x) = f(x) for 
all real x. 


If f(0) exists, find its value. (3) 


9. (a) An urn contains 2 white and 2 black balls. A ball is drawn at 
tandom. If it is white it is not replaced into the urn. Otherwise it 
is replaced along with another ball of the same colour, The 


process is repeated. Find the probability that the third ball drawn 
is black. (4) 


(b) If A, B, C, Dare any four points in space, ‘prove that: 


TEA Tide) trey eed шд» үн 
| ABXCD + ВСх AD+CA BD | = 4(area of triangle ABC). 
(2) 
10. Let gix) be a polynomial of degree one and f(x) be defined by: 


l g(x) EEN) 
f(x) = (1 + x) ]tx 
; [0-5] E. 


Find the continuous function f(x) satisfying. f'(1) = f(—1). © 


11. Evaluate: 
(cos 2x)!/2 
J [ee] ax. e 


12. Find the area bounded by the curves, x? + y? = 25, 4y = |4 — | 
папа. x = 0 above the x-axis, : de (6 


01 t 
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PART A 
Marks 


Fill in the blanks in the following paragraph with appropriate 


` articles (a, an and the). Write only the number of the blank and 


the article. Do not reproduce the sentences. 
fi) АКСО, uneasy paragraph appeared in The Times recently about 
ш». (ii) :........ serious crisis. Within ......... (iii) ......... next thirty 


years, 

depend will be running, low. This assumes that we shall survive... ...... 
у) RS more immediate problems of land, food, population and 

water supply, which show every sign of compounding......... Мукан 


. Fill in the blanks with suitable prepositions/adverbial particles. Write 


only the number of the sentence and the word. Do not reproduce the 
sentences. \ (5) 


(i) The audience were swept ......... their feet by the speaker's 
eloquence. 
(ii) Nowadays interest in grammar is ......... the decline. 
(iii) Scientists hope to break ........, soon in their battle against 
cancer. 
(iv) Motorists should be dealt ......... severely for rash driving. 
(v) The minister promised to look ......... the grievances of the junior 
engineers. 
. Rewrite the following sentences as directed: (5) 


(i) What on earth he cried did they say. (Punctuate.) 

(ii) The visitor tried to open the gate. Two fierce-looking dogs 
attacked him. (Combine the two sentences beginning with “No 
sooner .......« 13 

(iii) People are talking about the new book everywhere. (Rewrite 
changing the voice.) 

(iv) Gavaskar has to his credit the highest aggregate of runs in test 
matches. (Rewrite the sentence beginning with *No other batsman 


. Complete the following sentences with the correct forms of the verbs 


given in brackets. Do mot reproduce the sentences. Write only the 
number of each sentence and the correct form of the verb. 10) 
(i) I (know) Anita for three years, and so I can tell you a lot about 
her. 
(ii) Next time she (visit) the library, she will find us there. 
(iii) When the professor entered the classroom, the students had 
already (disappear). 


© (iv) We would not have learnt all these things if we (attend) a. village 


School. 
(V) As these soldiers (live) in this desert for three years now, they 
will soon be posted to a better station. 
(vi) Only if these bridges (destroy) can the enemy be defeated. 
(vii) Only yesterday I (realize) the gravity of the situation. 
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(viii) My father had hoped that I (become) an engineer, but I was not 
good enough at science. 
(ix) I would rather you (tell) her the truth now. 
(x) She’s getting tired; it’s time she (go) home. 

5. In each of the sentences below, four parts are underlined and marked _ 
A, B, C and D. There is a mistake in only one of the underlined parts 
in each sentence. Write the number of the sentence, identify the 
incorrect part and rewrite.the part in its corrected form: (10) 


(i) Lknow he is having a lot of books on how to improve English. 
A B [9] D 


(ii) The theory of relativity is so complicated as we cannot describe 
A B C 
it in a few sentences. 
D 
(iii) A cell is the smallest identifiable unit of life and cannot be seen 
A LG) 


with a naked eye. 
D 


(iv) If a student needs advices about careers, he or she should consult 


di A B C D 
the Careers Officer. 


(v) This machine looks good but is very badly designed and doesn't 
B 


A C 
work good. 
D 
(vi) He is well-known for both his kindness as well as his understanding. 


A B C D 
(vii) Please explain to me how is a digital computer different from 
A B © 


an analogue computer. 
D 


(viii) ТЇЇ work for you as long as you'll pay well. 
A B G D 


(ix) Of the two principles he put forward, the last one was the most 
X een. ОПе Was 


B 
difficult to understand. 
D 


B E 
marathon held last month. 


6. Fill in the blanks with the words whose first letters are given. The 
meanings of the words are given in brackets. Write only the number 
of the sentence and the word. Do not write the sentences. (10) 


(i) People often mig ......... Tm one part of the country to another 


(x) All of us Surprised to see an old man of sixty taking part in the 
: A D 


(ii) Her met ......... work paid off in the end. (showing attention to 
detail) А ; 


(iii) In Delhi, we have occ ......... showers in December. (not regular) 


= 
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(iv) The chairman wou ......... up the discussion and adjourned the 
meeting. (brought to an end) ; 
(v) He acted dis ......... in front of his parents. (in a shameful 
manner) " 
(vi) His pat .......1. speeches have made him à well-known person. 
(expressing love of one's country) 
(vii) An artist's moods are not easily pre ......... (which can be foretold) 
(viii) We have very few san ......... in the country for the preservation 
of wildlife. (places of protection and safety) 
(ix) Snow in Madras is an almost unknown phe ......... (unusual 
occurrence) 4 
(х) Не is fond of using bom ......... words in his writings. (high- 
sounding) 
PART B 


7. Write an essay of about 300 words on any one of the following 
topics: (25) 
(i) Iam an Indian and proud of it 
(ii) My favourite TV programme 
(iii) If I had my childhood to live over 
(iv) Clean politics : a contradiction in terms. 
8. Write a paragraph of about 120 words on any one of the following 
topics: (10) 
(i) Something good can be said about everyone. 
(ii) If you have a grievance ......... - 
(iii) Life is becoming less human. 
9. Argue for or against one of the following topics in about. 120 
words: (10) 
(i) Men and women are equal. 
(ii) Competition is necessary for growth. 
(iii) India should make the nuclear bomb. 
10. Read the passages below and answer the questions that follow each of 
them: (4) 
(a) The evidence of history is strong, that those societies are most 
creative and progressive which safeguard the expression of new 
ideas. Societies appear to remain vigorous only so long as they 


Yet this legalization of opposition, this balance between power 
and dissent, is the heart of the democratic tradition. 
(i) When does a society become static? 
(ii) Why does it seem odd that some governments give a. special 
status to the opposition parties? 


(b) Very often we think about the great crises in life, the mighty 
‘moments of truth,’ and wonder how we would face them. Yet it 
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1118 the little panics; the pressure squeezes of daily life, that should 


gives us concern. These are the incidents that bring on those 
mental blackouts which make us appear to be less than we are. 
(6) 
When our word is questioned, for example, instead of stating our 
case more convincingly, we frequently grow dark-minded and 


‚ blurt out some reply that we regret later. Or when we match 


wits in conversation, we may get rattled and subside into banali- 
ties. James Thurber once wrote a story based on the witty things 
he would have said if he had thought of them at the right time— 


' an experience we can all understand. Sometimes, under pressure, 


we say something utterly different from what we intend, like the 
young man -who became so nervous in his boss's office that he 
asked for a salary raise for someone else. 

(iii) How often do we think of the little panics of life? 

(iv) Why could James Thurber not think of witty things at the 

right time? 
(v) hoy did the young man of the story really want from his 
oss? 
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MODEL SOLUTIONS 


PHYSICS 
PART A 


Ans. 1 
(i) (A) Thermal energy of air molecules at room temperature is 0.02 eV. 
Binding energy of heavy nuclei per nucleon is 7 MeV. X-ray photon 
energy is 1 KeV. Photon energy of visible light is 2 eV. 

(ii) (C) (D) А force of constant magnitude which is always perpendicular 
to the velocity of the particle does no work. Hence the kinetic 
energy of the particle is constant. As the force is perpendicular to 
the velocity, the particle moves in a circular path. 

(ш) (С) 

(iv) (A) 

(v) (B) Force on charge g at O is given by 


КЕР. у. = 
pus 4reo а? 4те а? күй, 


Q q Q 

وھ ھم 

RE VEN Ак. B 
Fig. 8 


Force on charge Q at A is given by 


Од, ОЕ 
FT 4reo a2 il 4reo 4а? 


For the system to be at equilibrium, Р” must be equal to zero, i.e. 


1500030027250 
4те) a? 4те 
Q 


or Bier aT ST 


(vi) (B) (D) When the charging battery is disconnected, the charge on the 
plates of the capacitor remains constant. On moving the plates of the 
capacitor farther apart, capacitance decreases and the voltage across 
the plates increases. The work done on increasing the separation 
between the oppositely charged plates increases the electrostatic 

B potential energy of the capacitor. 
(vii) (A) (B) (C) No photoelectrons are emitted below a minimum fre- 
quency of light. The maximum kinetic energy of photoelectrons 
depends only on the frequency of light and not on its intensity. The 
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quantum nature of light explains that the photoelectrons leave the 
metal surface immediately even when the surface is illuminated 


jointly. 
(viii) (C) 
(ix) (D) 
Ans. 2 
(i) 0.3 = 2х0, 1,2 0.3 m/s 
А 3/2 
(ii) 8.485 T Gi HR 
T = 20 = 8.485 h 
(ii) Smo? 
Let V be the velocity of the fragment with mass 207. Then, 
2mV = NA 2 ; 
ex = 
ES 2 


Energy released in the explosion is, therefore, given by 


1 1 
зт? + ут? + pxamx (Fe) 


ДУ 
= jm 
s 
(iv) Work done, W = jh 
FL 
Y E 
oung's modulus, Y pz 
YAx 
or RSL 
Ае en 
a 1, Y4x, 
QD л> 
d VARS 
DA 
(v) 240 
m __ [60.7 = 0.0075x 10) x 9.8 
n 50.7 x 9.8 
, 43.2 
e k 
n 260x 507 
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(s. _ i) zd d E 
9r mi du EDS TS 
ro oM 
т © (43 1)x75 = 0.01667 
d oca 
d Ju = ggg; 80 < 
(vii) V2T 
An ideal gas obeys the relation, 
PV = RT. 
or Р = RT 
Also, 
VP? = constant 
or үт constant 
yi = const 
2 
or T = constant 
When it expands to 2V, let the temperature be T 
qaos Т2 
Thus, Vw 
or T 3 VIT 
(viii) 20 
100 x 100 
= = 202 
В 500 
‚ 500. 
Current = 156 5А 
Pd 200 
+ 20-- R 
or R= 20 Q 
up 
NT 
Magnitude of magnetic moment is given by NiA 
where А = тг? = (>) ‚М =1. 


Substituting the values, we have: 
2 


Magnitude of magnetic moment = 1xi v 
ip 


т 
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Ans, 3 


(i) True: When a gas is heated at constant pressure, some extra heat is 
needed compared to that at constant volume for doing work in 
expansion. y 


(ii) False: Let V' be the rms speed on doubling the temperature. Thus 


0 [3RX2T T ET 
Tass AU ту > ЕН М 


== 27 


(iii) False: In a Young's double-slit experiment performed with a source 
of white light, the ‘central fringe is white, and is surrounded by a 
few coloured and dark fringes, 

(iv) True: Using Fleming’s right-hand tule, the direction of induced 
current will be from B to A. This means that the electrons move 


from A to B and the end A of the rod will become positively 
charged. 


PART B 


Ans. 4 


The forces acting on the particle are as shown in Fig. 9. F cos @ and F sin 
are the forces of the applied force F. Equating the forces, 


UR = F cos 0 (i 
R= т — F sin 0 Gi) 
- R 
iF Sino 
BE zig Fcoe 
mg 
Fig. 9 
From (i) and (ii), 
M(mg — F sin 6) = F cos 0 
or umg = F(cos 0 + p sin 0) (ii) 
Let A be the angle of friction. $ 
Then, ш = tan A 
Substituting in (iii), 
sin A AS. 
c TE F (cos o +S j sin a) 
N F=” sin À 


теж. 


-—— у 


3 
| 
A 
| 
ў 


D م د‎ түл 
< ESCO 
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і 


For the force to be minimum, 


cos (0 — 3) = 1 
> 0 = Ал 
Thus, fmin = mg sin À 
Ans. 5 | 


Let 21, v2, 03, . . -, Un be the speeds of the pendulum ball just before the 
first, second, third, . . ., nth collisions respectively. Then 2, 03, 24, - - » will 
be the speeds of the pendulum ball just after first, second, third, . . . 
collisions respectively. For the first collision, we have 


п = vV gL 
2 v2 
and 7 7-3) VR zm 
_ V5 Vib 
E E JÆ 
5 
For the second collision, 
REN. 0и 
v5 n- 
5 L 
2gL 
> U3 = SE 
For the third collision, 
MA NR 
м5 [uL 
25 
Ev 128gL 
«d "ET / 125 
Similarly, 
For the nth collision, 
бУЛ, Ce Un+1 
а A TC ieee 
з (/ væ 


e TE. ; ^ 
27 Unyi = ( Ў, i) №281 (i) 
Let л be the number of collisions after which the amplitude of oscillation 
becomes 60°. Then, 
ua = М2 Loos 00° = VEL 
Comparing the two values of vn+1 from (i) and (ii), 
i= Э 


Thus the minimum desired number of collisions is (n 


(ii) 


and solving, 


+ 1), е я 4. 
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Ans, 6 
Let the mass of the sphere be т and the radius r. From the law of 
conservation of energy, 


МИ 
mx98X24 = тх9.8х10 + ут + lo 


2 
ШО 1.2.2 
or mX9.8X2.4 = m X98 1.0 4- —mo + — x= mr X 
2 Л ҢА £ 
or o8xi4= lg y 12 
. ПИРЕ 94 524 
a al ee me s 
or va == 4/ 19.6 


Suppose the sphere falls from A to the ground in time /. Then, 


! y =; 
;X98xr = 10 


TM К 
ог r= / = oasis 


Let R be the distance on the ground from the point B where the sphere lands. 
Then, 
К = V9.6 0.4518 = 20 m 


Yes, during its slight as a Projectile, it continues to rotate about its 
centre of mass because of the conservation of angular momentum. 


Ans, 7 
(i) The combination of transverse Waves represented by the equations 
21 = A cos (kx — wt) 
and v 22 = А соз (kx + ot) 
will produce standing waves. 


The two equations represent two transverse waves of the same 
amplitude and frequency, but travelling in opposite directions. The 
resultant of these two waves is given by 


2 = A cos (kx — wt) + А cos (kx + wt) 


= 24 cos ME 9E kx bot os n tes + 


= 2A cos kx- cos wt 
The resultant intensity will be zero when 


2A cos kx = 0 
= cos kx = 0 
> Xe Qm + 1r 
2k 


9 


ситен ире 
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(ii) The combination of transverse waves represented by the equations 
д = А cos (kx — et) 
and 23 = A cos (ky — ot) 


will produce a wave in the direction making an angle of 45° with the 
positive x and y axes. The resultant of these two waves is given by 


Z = Acos (kx — wt) + Acos (ky — wt) 
ye Kc + у) — Det cos к) 
The resultant intensity will be zero when 


2A cos # = 2) =0 


cos ےک‎ ے٥‎ 


= 
= k(x — у) = Qm + Dr 
or ) = у) = отр" 
where m= 0,1, 2, 3,..- 
Ans, 8 


E. me number of moles of the ideal gas contained in the closed vessel be 
п. then, 


PV = nRT 
Substituting the values, we have 


1.6 x 106% 0.0083 = nX8.3 x 300 


1.6 x 106x 0.0083 
9 ы а NEGO сы с 
$ Д 8.3 x 300 5.33 


Also, Cp = 


= 12.45 J/mole К. 
Heat energy supplied, О = nC» dT. Substituting the values, we have 


2.49 x 104 = 5.33x 245 x dT 


or ES 7. 
ат = juxia 75K 


Final temperature is, therefore, 
300 + 375 = 675 K 
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Let Рә be the final pressure. Then, 


P2 = Тг 
at j p, 151610 3.6 x 106 N/m? 


Ans. 9 


Let us place the point charges q, 2q and 8q on a 9 cm (0.09 m) long straight 
line as shown in Fig. 10. 


ТК eee a aa A] A x- - -— —— 

م ا وم + 

q 2q 8q 

-— — d4— 009m —— — ——... —- 
Fig. 10 


= 4:24 84 px 
ч a x * (0095) + 009 
"axo. 9 -, 5) 
* (009 =x» + 009 
For U to be minimum, 
dU _ 
Ta =0 
E aa 3-0 
х? (0.09 — x е7 
= im 0.0235 m = 2.35 cm 


Let Ei be the electric field at the position of charge q due to charge 0 
and £2 that due to charge 8q. Then, 


| = 910° 0735) ae 
a a с, 
= 9» 10? x s 


Thus, the electric field at q due to the other two charges, 
Е = Е + Е, 


Е = 9х 109 


©. oe F 9Х10°х 6 09) s 
= 4.33% 102g 
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- Ans. 10 


ME— „жыды mi zie 


(i) Let R be the effective resistance between 4 and B as given in the. 
diagram. Thus, 


к=1+5 рк 
ot 2R + R2 = 2 + R + 2R 
or R—R—2 =0 
> R'=20 
(1) Let i be the current which passes through the 6-V battery. Then jy 
i=$=3A 


К = 20, the current in the 29 resistance and the resistance R will 
be the same, i.e. 


i= 3 = 15А 
Ans, 11 
(i) Let В, be the magnetic field of induction at point P due to current in 
wire A. Then, 
%10-7% A 
p, —47%10 x: Puli 
2n x (2 + i) | © 
= 6610-7 2 3 B) 
6.6 x 1077 W/m 3 JN 
The direction of this field is to BA 
the left as shown in Fig. 11. The AS 
magnetic field of induction at 2A 
P due to current in wire B BO 
should be equal and opposite. А 
Thus, g 
4n x 1077 x j ај 
qo 66x107 MEER ish 
2n x i й В| В; 
Fig. 11 


which gives i=30A 
From the right-hand grip rule, it is evident that the direction of this 
current should be outside the plane of the paper. 

(ii) Let B and B2 be the magnitudes of the magnetic fields of induction 


at point S owing to currents in wires A and B respectively. 
Then, à 


= 12x 1077 Wb/m? along SB. 
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Also, 


в: = 47% 1077x 3.0 
Т2 


= 510-7 Wb/m? along SA 


The magnitude of the magnetic field of induction at the point S js, 
therefore, 


B= V Bi + в? 


= V2x107* + Gx 107) = 1310-7 Wb/m? 
(iii) The force per unit length on the wire В is given by 


E _ ной 
1 2тг 
_ 41х10-7х96х30 
2тх2 
д = 28.8 x 10-7 N/m directed towards Р. 
Ans. 12 
(i) E the incident ray at AB emerges parallel to the incident direction 
then 
A>i and 
B> ic 
This means that A+ B> 2 
or le < > 
E ic < 45° 


A ; 


Ni, 


C 
Fig. 12 
The maximum value of the critical angle, ie should therefore be 45° 
Thus, 
1 gu 
^ Птіп = sin 45° = м 2 


(ii) When a = 5, it follows that 
ЖАР ЧЫ 


n Tem 
Seis z 
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= sin ic = 0.6 
or ic = 37° К 
The angle В is 30° at Y, the angle of incidence at X will be 60°. It 
shows that total reflection will take place at X and not at Y. Thus, it 
is not possible to achieve the desired result in this case. 
Ans. 13 
It is given that - 
T2250:125V, — 72 


= dI = 0.125 AV 
The plate resistance (rp) is defined as 
L4 | 
TEST V, constant 
z ак 8x10 Q 


т = 0.125 AVX103 — 
At V — 300 V and V, — —1 V, the anode current is given by 
1 = 0.125x300 —7.5 = 30.0 mA 
The transconductance (gm) is defined as 
41 
Ша: ap vis 


_ (80 — 5x10? _ x 1073 
3 gm = Ly er (—1) 12.5 Ó 
Amplification factor (и) is given by 
u = rpX gm = 8X 109 12.5x 107? = 100 


CHEMISTRY 
PART A 


Ans, 1 
(i) (A) Nitrogen has more stable, fully half-filled, sub-orbitals. 


: 
(ii) (A) Electronic configurations of fluorine and neon are 2,7 and 2, 8,. 


respectively. Й 
(iii) (A) Molecular association takes place due to the formation of K2Hgla. 


(iv) (A) At cathode 
2Na* + 2e” > 2Na 
2Na + 2H20 > 2NaOH + Нг 
At anode 
25027 + 2H20 -> 29:50; + О; + 2e7 
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(v) (A) Fe is in +1 oxidation state. Its +1 oxidation state and +1 of 
NO are neutralized by 505. 


(vi) (C) Electronegativity increases from left to right across a period and 
| decreases on descending a group. 


(vii) (C) HY /©! 
С=С 

сї. NH 

(viii) (C) Carbon bonded with two pi bonds is sp hybrid and with one pi 
bond is sp? hybrid. 
1 2 3 4 
(ix) (B) CH2 = CH — CH—CH; 
CH; 
(x) (A) 


(xi) (B) Molecular formula being a multiple of empirical formula, it must 
have different molecular weight. 


(xii) (D) 
(xiii) (B) 
(xiv) (D) The overall reaction taking place on discharging a lead storage 
battery is, ; 
РЬО + Pb + 2H2SO, > 2PbSO, -+ 2H20 
(xv) (D) 
alc. KOH 
(xvi) (B) CH; — CH? — CH2Br CH. — CH = CH; 
—HBr 


(xvii) (4) The lone pair on nitrogen isleast available due to the highest 
electronegativity of fluorine. 


(xviii) (A) In ethanol, H is bonded to highly electronegative О. 
l 1 2 3 4 (о) 
(хіх) (С) CH; — vl — С — CH; — CH; — C CH — CH; 
|І 
OH о 
(хх) (В) Oxidizing chlorine water will liberate bromine from KBr. 


Ch + Но > 2HCI + (О) 
2Br- +- 2H* 4- (О) > Br? -- H20 


Ans. 2 


(i) sodium hydroxide 
(ii) increased 

(iii) hydration 

(iv) 0.25 
(v) White 

Ans. 3 


(i) False: In benzene, carbon uses onl 


(ii) False: Sodium when burnt in excess of oxygen gives sodium peroxide. 

ii) False: Catalyst does not make a reaction more exothermic. 

(iv) True: Graphite is a better lubricant on the moon than on the earth. It 
is due to lack of gravity on moon. 


У two p-orbitals for hybridisation. 
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(v) False: sp? hybrid orbitals do not have equal s and p character. 
Mgl 
(vi) False: CH;Mgl + (CHs)2CO > crc d 
CH; 
4 H20 
OH 
(СНз) vA 
C eH, 
Tertiary butyl alcoho| 
(vii) False: Zn?* is diamagnetic (no unpaired electron) 


(viii) True 
(ix) True 
(x) True 
Ans. 4 
(i) Pa + 3NaOH + 3H20 -> 3NaH2PO2 + PH; 
(ii) 4Sn + 10HNOs -> 4Sn(NO3)2 + 5H20 + N20 
Gii) 2KMnOg + 3H2SO4 + 5H2C20s > KaS04 +’2MnSO, + 10CO2 
+8H20 
(iv) Au + 3HNO; + 4HCI > HAuCl4 + 3NO2 + 3H20 
(vy) CH:CONH» + 4KOH + Bra -> CH3NH2 + K2CO; + 2KBr 
+290 
Ans, 5 


(а) (i) MgO is used for the lining of steel making furnace as it facilitates 
the removal of impurities of silicon, phosphorus and sulphur 


through slag formation. 

(ii) The mixture of N2H4 and H202 with a Cu(II) catalyst is used as 
a rocket propellant because the reaction is highly exothermic and 
is accompanied by a large increase in volume. 


N2Ha(l) + 2H202(1) > Na(g) + 4H20(g) 
(iii) H3PO; is not a tribasic acid as only two hydrogens are bonded 


to two oxygens. 
H о 
< 
HO OH 


It is a dibasic acid and dissociates according to the following 
equations: 
H3PO; = Н+ + HzPOs 
HPO; e Ht + HPO? 
(iv) Phenol is a very weak acid (weaker than carboxylic acid or even 
carbonic acid) and, therefore, does not react with NaHCOs. j 
(v) The molecule of MgCl is linear because valence orbital of Mg is 
Sp hybridised _ 


"ER uet 


| 34 Model Solutions, 1987 


5пС1 is angular because valence orbital of Sn is sp? hybridised 


ые 


(b) (i) The mixture contains СІ- ion as it liberated yellowish green gas 
on being heated with MnO» and conc. H;SO.. 


2CI- + MnO? + H2S04 + 2H* -> MnSO, + 2H20 + Ch 


(ii) The mixture contains NH? ion as it gave NH; on being heated 
with NaOH solution; the gas turned red litmus blue. 


МН; + OH- > NH; + H20 


(iii) The mixture contains Fe?* ion as its solution gave blue precipitate 
with K3Fe(CN)s 


3Fe?* + 2[Fe(CN)s?- — Fes Fe(CN)e] 
(blue ppt.) 

Red coloration with NH,SCN indicates that it contains Fe! 
ion. 

Fe?* + 3SCN- -> Fe(SCN); 

(red coloration) 

Fe?* present іп the mixture gets oxidized to Fe3+ by air. 

2Fe?* + 2H* + (О) > 2Fe?* + HO 


(iv) The mixture on boiling with KOH liberated NH; which gave à 


brown precipitate. оп bubbling through an alkaline solution of. 
KzHgl.. 


2K2Hgl, + 4NH; -- H20 


è 


He 
7 4KI -H 3NH4I -- О 
H 


(brown ppt.) 
The two salts in the mixture are: FeCl2 andNH,Cl. 


PART B 


Ans, 6 - 


(а) (i) The actual reducing agent of haematite in blast furnace is CO. 
ҒеО; + ЗСО > 2Fe + 3СО» * 


(ii) Galena ore (PbS) is roasted at moderate temperature in excess of 


air on the hearth of a Ieverberatory furnace. The ore is oxidized 
partly to oxide and partly to sulphate. 


2PbS + 302 -> 2PbO + 250; 
PbS + 202 -> PbSO, 
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Now, the air supply is stopped and more of galena is added 
and the temperature is raised. Both PbO and PbSOs get convert- 
ed to metallic lead. 

2PbO + PbS — 3Pb + SO? 
PbSO, + PbS — 2Pb + 2802 
(ii) Sodium chloride prevents hydrolysis of magnesium chloride and 
increases the conductivity of the fused mass 
MgCl. + H20 > MgO, 2HCI | i 
(iv) Zinc is more reducing than copper and is also cheaper. This is 
why Zn and not Cu is used for the recovery of metallic Ag from 
complex [Ag(CN)2]-. 
2[Ag(CN)al- + Zn -> 2Ag + [Zn(CN)4P- 
(v) Chalcocite (Cu2S) is roasted and not calcined because free supply 
of air is needed to convert into its oxide. 
2CurS + 302 > 2Cu20 + 2502 
CuS + 2Cu0 — 6Си + S02 
In calcination, heating is done without free supply of air as in 
case of carbonates. 
calcination 
MCO; ————— MO + CO: 
when M is an alkaline earth metal 
(b) (i) Benzene from lime 
electric furnace 


CaO + 3€ —————- Саб + со 
lime coke `2000°С 


Сас» -- 2H20 + Са(ОН) + C2H2 
acetylene 


450-500°C 
3C2H2 ————> CeHe 
benzene 
(ii) Toluene to m-nitrobenzoic acid 


CH3 CCl3 : CCl3 


© du ORS BP © 
110°C < 60°C Оно; 


TOLUENE 


2 
m-NITROBENZOIC ACID 
(iii) Tollen's reagent (ammoniacal silver nitrate solution) may be used 
to distinguish acetaldehyde from acetone. Acetaldehyde reduces 
Tollen’s reagent to silver mirror while acetone does not. 
Ag2O + CH3CHO > СНзСООН + 2Ag 
(from silver 
mirror 


Tollen’s 
reagent) 
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(iv) Benzotrichloride is obtained when chlorine is passed through ' 
boiling toluene in presence of sunlight. 


CCl3 


CH3 
Ox. © + 3HCI 
SUNUGHT 


(у) Dipole moment is the product of charge and the distance between _ 
the two opposite poles (р = e x d). Due to resonance, distanceis 
increased and hence the dipole moment will be increased. 

Ans, 7 


(a) Volume of balloon — тт 


Ш 


22,2121 21 
10962 5 A 


— 4851 ml 
Total volume of hydrogen in the cylinder at N.T.P. 
Poo РИ 
То Ti 
Po = 1 atm P, = 20 atm 
Vo =? Vi = 2.82 litres 
To — 273 Tı = 273 + 27 = 300K 
Vo = 202.82 273 = 51.3241 


= 51324 ml 
Actual volume to be transferred into balloons 


= 51324 — 2820 = 48504 ml 
No. of balloons that can be filled up 


_ 48504 _ 
= EST = 9.999 ~ 10 


(6) (i) Amount of HCI added = 0.20 mole 
[Н+] = 0.20 g litre! 
ions will reduce the concentration of СНСОО 


Addition of H+ 
ions, 


CH;COO- + Ht > СНзСООН 
0.2 0.2 : 0.2 
[CH3COO-] = 1.0 — 0.2 — 0.8 mole 


The concentration of CH3COOH will increase. 
ICH;COOH] = 1.0 + 0.2 = 1.2 mole 


РН = —log Ka + log aa 


= —log 1.8x 10-5 + log 0.8 


Now, 
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= 4,1441 + 0.3010 — 0.4771 
= 4.5686 


(b) (ii) Amount of НСІ added = 0.20 mole iS 
Out of 0.2 mole of [H*] added, 0.1 mole will combine with 0.1 
mole of CH3COO- to form 0.1 mole of СНзСООН : 


CH3COO- + H+ > СНзСООН 
0.1 9.1 0.1 
Therefore, [CH3: COOH] total = 0.1 + 0.1 = 0.2 mole 


In presence of [H+], СНзСООН will not ionize. Therefore, pH 
of the solution will be due to the presence of Н+ of НСІ, i.e. 


0.2 — 0.1 = 0.1 mole НСІ) 
pH = —log [Н+] = — log [0.1] 


=1 
Ans, 8 
(а) (i) From the half-cell reaction, 
Eq. weight of NaBrOs = мо. weight’ 


ка. B+ ors = 95.17 


To prepare 1000 ml of 1 N NaBrOs solution, amount required 
= 25.17g. Thus, to prepare 85.5 ml of 0.672 N NaBrO; solu- 
tion, amount required : 


p 25.17x0.672x 85.5 = 1446 & 
Molarity — E = 0.112 М 
(ii) From the half-cell reaction, 
Eq. weight of NaBrOs = Mol. weight 


às 23 ots = 30.28 


To prepare 1000 ml of 1 N NaBrOs solution, amount required 
= 30.2 Y Thus, to prepare 85.5 ml of 0.672 N NaBrO: solution, 


amount required ~ 


_ 30.2x 0.672 x 85.5 _ 1,7352 
d TE 1.7352 g 


Molarity — 0672 = 0.1344 M 


(5) Initial concentration of each gas 
= 1 mole 
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. Let x moles of NO: react at equilibrium. Then, 
d $02(g) -+ NOx(g) = SOs(g) + NO(g) 
(=x) (-3' (3 4» 


| "модо He [SOs {NO} h 
_ Now, [Sz] [NO] ^ Ке = 16 


(1 -F 3) +x) 


ЖА ETE a 
SOR iT a Gay = 16 = 4 
гу: 

. or Ryo 

or z l+x=4-— 4x 

or. 5x — 3 
Bei er 0.6 

or Vidette mate 


Thus, equilibrium concentration of NO 
=1 41 x =1 + 0.6 = 1.6 moles 
Equilibrium concentration of NO2 = 1 — x 


= 1 — 0.6 = 0.4 mole 
Ans. 9s; на 


(a) Watt = теь 
100 = 110x Current ; 


b Aai "coU. 2-10 
} ve Current, j = 110 77 2™P 


Quantity of electricity = jf 


= Hx 10x 3600 coulombs 
à AOV. qoi uel 
No. of z5 т^ А < = 
о. of equivalents 10x 3600 96500 0.339 


Weight of Cd aie _ 0.339 < 112.4 


= 19.06 g 
pray PR NE i. i cT NN ME 1 
ROK оу? ANDA do nes ЧӘ domus HO 
Ф ек [d (=x) 
Substituting the values, ; 
2,303 1 
"E RN 
rt 10x 3600 19 (1 — 
m 1.5x 10755. 10x 3600 1 


pu = 
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Taking antilog, 
20 | 
1.055'= ü 


x 
or 1.055 — 1.055x = 1 
BOB ES aed ALS 
or РУН" 0:052 
Thus, 5.2% of the initial concentration has changed into product. 
Bus AE 0.603 . 0.693 i 
! 4 k 1.5% 10-551 
= 462000 s 
== 12833 h 
Ans. 10 
(a) Emp. formula 
69.77 . Ае 
CM BH 225 
11.63 йу 
н; ae BÀ 11.63 1 
18.60 _ А 
О; wae s 1.16 == 1 


Emp. formula is CsHioO 
Mol. weight is 86. 
Mol. formula is also CsHıoO : 

Since it does not reduce Fehling's solution, —CHO (aldehyde) 
group is absent. It forms an addition compound with :-NaHSOs, a 
keto (> С = О) group is present: Since it gives iodoform test, the 
possible formulae will be { 

CH,—C—CH2—CHa2—CH; 
1 
O 
Pertanone-2 | 
CH Gio 
Il 
О СН» S 
З 3-Methylbutanone-2 
(Б) An organic compound (А) is an alcohol which on treatment with 
CHCOOH in presence of Н2504 gives an ester (B). 


H,SO3 x 
CHOH + CHCOOH — 7 CH;COOCH: 
· (А) -H,0 (B) 
(A) on mild oxidation gives (C). (С) with 50% KOH followed by: 
acidification generates (A) and (D). The reactions can be written as: 

mild oxidation HCHO | 

CHOH —————— j 
(A) me EN ae 

i. 50% KOH 

i. 50% KOŠ CHOH + НСООН 


ere “îi, dil. HCL (A) (D) 
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(D) with РСІ5 followed by reaction with МН; gives (E). 


PCI, NH, 
‘HCOOH ——> HCOCI —+> HCONH; 
(D) (E) 
Dehydration of (E) produces HCN. 


HCONH? ——-> HCN 
is eS) —H,0 
Thus, compound A is CH;0H 
i compound B is CH:COOCH; 
compound C is HCHO 
compound D is HCOOH 
compound E is HCONH» 


MATHEMATICS 


PART A 
Aus. 1 
G) (B) (e? + b? + cop? — 2(ab + bc + ed)p + ( 4-2 + d) <0 
> (1р? — 2abp + b?) + (Bp? — 2bep + ¢2) i 
+ (2р2 — 2cdp + d?) <0 


> (ap — bY + (bp — cf (ср — ду < 0 (1) 
As a, b, c, d and p ate real numbers, 
(ap — bY + (bp — c? + (ep ар > 0 9 


From (1) and (2), we get 
(ap — bP + (bp — c? + (ep — ар = o 
ap —b-—0,bp—c-0, ep а 0 
bla = c/b = dic = p 
ie Thus, a, b, c and d are in С.Р, 
00 ч p Then b- ion. miglia апа ге ву О. 
sin (œ +A) _ sine L sin (a — В) (1) 
10 9 x 
where x is the third side of the triangle. 
From (1), we get 2 


> 
> 


| sin (x + B) = 10 sin «/9 = 54/3/9 
Note that 0 < 8 </3. 
We have, У 


соз @ +В) = & VT RG FP) = LV TT 
ч = +у%6у9. 
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Also 
sin (а — Ё) = sin [2« — (а + B)l 
sin [120° — (« + 8)] 
= sin 120° cos (х + B) — cos 120° sin (« + В) 
= sin (90° + 30°) cos (« + B) 
—cos (90° + 30°) sin х + В) 
cos 30° соз (х +) + sin 30° sin (х +> В) 


E 7 
= (5V3 ± V 18/18 = (5 + V6) V3/18 


Il 


From (1), m 
sin (а— 8) _ 95 + 8 
Ж sin ® \/3/2.. 
=54 V6. 


Alternative solution 


Let the angles be « + B, «a — B(B > 0). 
Thus, (a F 8) ++ (6 В) = т 
= a= 7/3 


Let the third side be x. 
By the cosine formula, 


cis кары сес, 
E 1 +ê? 
Ж 2. (2х) (10) 
= 10x = x? + 19 
е x—10x+ 19=0 
> x озм ens] E 


= la x У) 576 


(iii) (C) The least positive root of 
fix) = tan x — x= 0 
can lie in (0, 7/2) or (т, 37/2) ; 
For 0 < x < 7/2, we have f'(x) = ве? x — 12 0, thus f Б 


monotonically increasing in [0, 7/2). Asf(0) = 0, we get f(x) > 0 for 
0<х #2, Thus, ГЕЈ = 0 does not have a root in (0, 7/2). 


We have f(r) = tan r т 0 т < 0, 
апі /(3т/2, — t) = tan (37/2 — t) — (37/2 — t) > 0 
where t — 0.0001. 
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Since f(x) is continuous on [r, 37/2 — t] and f(r) < 0, fidz/2 - 


> 0, f vanishes at least once in (7, 37/2 — 1) < (т, 32/2). 
Remark. This can also be proved by using graphs. 

(iv) (C) We have P(A + B) = 0.6 and P(AB) = 0.2. 
We know that P(A) + P(B) = P(A + B) + P(AB)=0.8. Thus, 
P(A)+P(B) = 1 — P(A) +1 — P(B) = 2 — 0.8 = 12. 


() (С) ' Let ту = n(cos 0) + isin 61) 
and Z2 —.rX(cos 02 + i sin 62) 
where т = | Zi |, 72 = | 25 |, 6; = Arg: 2 and 62 = Arg:Z». 
We have Zi + Za = (у cos б + ra cos 62) 
++ irs sin 6; + r2 sin 62) 
Therefore, 
[Zi Zap = гї +73 + 2rirzcos (0, — 62) 
Also, 
IZ + [| Z2)=n+r 
* (121+ |Z = rf + 3+ ane 
Since | Zi + 22| =| Zi | + [25 |, from (1) and (2), we get 
cos (€ — 6) = 1 or bi — = 0. 


C Arg. Zi — Arg. Z2 = 0, 
(vi) (A) Let a(x) =x хЄ(— о, оо) 
апа h(x)—-1--|x| xe(—o, о) 


= t) 


() 


(2) 


Then g is differentiable оп (—, оо) and J is differentiable on 


(— 9%, 0)U(0, co). Also h(x) + 0 for each хЄ(—, оо). 
By the quotient rule, à 
epe + fois 
10) тл Tx 
is differentiable on (— оо, 0) U(0, оо). 
For x — 0, we have 


h 
—0 

lim LY = До) _ 1+ [^] 
мо h—0 ho h—0 

En Icr 

ра THEO 
Co dim|x|— 0) 

x0 


1 


Thus, f is differentiable at x = 0. Hence, fis differentiable on- - 


(— о, со). 
(viii) (D) Let P Abo cos + isin = 
‚ then for L< k <7, Zt = соз 7k + i sin 274 


(By De-Moivre's Theorem). 
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$ (si 2k 5. 2лК 
Thus, е sin —7 i cos —7 ) 
$ Qk, ;.. 2k 
EO EE CARA 
( кар (cos 7 d 2) 
506 .Zü 29 
=й ук (0) 2—6 
(DEB (e) emer 
.z-Zz 
emn) ny 
But Zi = ts 4 isin2r — 1 10 —1 
Ё 7 ({... 20k 2nk niu 
E У سے‎ — і سے‎ = e] — = 
Thus, 2 (sin 7 cos 77 ) (—i) 5 і 
ig E 
^P > > i 
(viii) (B). We have a xb = | 1 1 0 іу 
0 1 1 
=i-j+k 


laxb| = VI +1 V3. 


\ > > 
Two unit vectors which are perpendicular to both a and b arc 


(ix) (A). Let xzyp20. As gis decreasing, go) < gy). Also 
. g(x), g()el0, 9). 1 | 
Since f is increasing from [0, со) to [0, со) 
Кво) < f(g) or h(x) < Му). 
Therefore, л is a decreasing function from [0, œ) to [0, ©). 
Thus, if x > 0, we have h(x) < h(0). But I(0) = 0. Therefore, 
h(x) < 0. Also h(x) 2 0 for all x 2 0. It follows from here that 
Wx) 7 0 for all хЄ[0, ©). Hence h(x) — Ж) = 9 — 0 = 0 for all 
x ZU. 1 
(x) (D). Putting x = 0 and 7/2, we get 
ay + a2 cos (0) + a sin? 0 = 0 


or up а = 0 

and а + a соз (7) t аз sin? (7/2) = 0 
or a — a+ 05 = 0 

Thus а = ~ai; a= 07 a= —2a. 


The given equation now becomes, 
a; — а cos (2x) — 2a1 sin? (x) = 0 


or all = cos 2x — 2 sin? x] = 0 


This relation is valid for all values of x irrespective of the value of 
а. Hence, an infinite number of such triplets is possible. 
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Ans. 2. ` { 
(i) 0 < x < 2/6, 57/6 < x < rand x = 7/2, 
, 2 sin? x — 3sinx + 1 > 0 
> (2 sin x — 1)(sin x — 1) >0 
> (sin x — 1/2)(sin x — )20 
> snx>1 ог sin x < 1/2 
bt 


Sinx —1 ог sin x « 1/2 


Since xe[0, 7], sin x 2 0. Therefore, sin x < 1/2 means that 
0 < sin x < 1/2. The implies that 0 < x < 7/6 or 57/6 < x < т, 
Iso, sin x = 1 implies that x = m/2. 


(i) > sq. units, 
Let P be the point (4, 3). The equation of chord of contact: of point 
P(4, 3) with respect to circle 
+ y? = 9 is 
4x + 3у = 9 
(equation of line AB). 


We have 


ом = r -2 


Va + 327 
ОР = V4 Y3.; 
Тһиз РМ = OP — ОМ = 16/5 


We also have 


, 


АВ = 24M = 2/043 — OM? 
= 20/9 — 81725 
= 2(12/5) = 24/5 


Amaof ДАРВ = + (AB\PM) 


- (и %) 
2\5/\5 
92 


== 12 Sq. units. 
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(iii) Cosec (7/9). 


We know that R= Es cosec (=) 
Z n 


where R is the radius of the circle, a the length of the side of the У 
polygon and п the number of sides of ће polygon. 


УЧ R= E cosec (5) — cosec (7/9) 
(iv) 4. 


Since ai ea} fF k, i + bj +k andi + j + ck are coplanar, Шет 
exist кү, х,у and z (not all zero) such that 


xd +] 3 + ر‎ + Bio + Ai +] + 0 = =0 
> (ax +y + 2Î + (x + by + 2) + ( + y + cak = 0 


> ax +p + 2= 0 
x+by+z=0 
ху = 6 
Since at least one. of x, y and z is different from zero 
a 1 1 


1 b 14 =0 


1 1 с 
=: abc -2—a—b—c—0 (1) 
Now, 
1 1 1 
Toa) TD 
.-B8ü- 90-91-23 Q-aXr- 9) 
(1 = ai — 5X c) 
3 ERE lee ЕЗУ 
=I a F b+ с) + (be + ca + ab) =: abe 
ie 3 — a+b + ce) + be + ca + ab 
7 71— (a b 4 с) + bc + ca + ab — (а+Ь+с—2) 
= 1, 
(у) —1 
MA (x* sin (1/x) + x2)” 
L= tim, | a+ xP) 
= dm cep) =] 
= Jm a 
= tin. rm" (5 CER 
We have, хх |1 = —1 for x < 0, 
1 
i =0 
Jm ep 
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and. lim [x sin GJ) = lim say =] 


aita 


(vi) —/3]2. 
We have a+ P+ Y = 360° 


СЕ: 


= па + sin В + sin 7) 


= #2 sin +2 cos «8 + 2 sin E cos 2] 

= -3b sin (180° - 2) cos = 2 oe 2 sin cos i] 

= — $2 sin 4 cos E Su a 
=~ Fain Z| cos 5? stt 

=- sin sni sin Ê 


Il 


=з (5) sin (£) sin (2) 


A.M. will be the least if sin б) sin (4) sin (5) is the greatest, 
But sin (5) sin (£) sin (5) is greatest when 


»(2)- (8) - (3) 


that is, if a= В = = 120°. 
Thus, 
EG язув: ууз, 
А.М. = 3 Sin? 60 eae 5 
(vii) x > 0. 
Let ЈО) =x — log (t+ x). forx > — 1. 
oaa | AE 
; I’) = 1 IFA (x > — 1) 
УЕЛ 
Hk 


Note that f'(x) < 0 if —] «€ x < 0 and 
P =O for x20 
Therefore, f decreases in (=1, 0] and increases in [0, оо) 
Thus, if x > 0, we have f(x) > f(0) = 0 or x > log (1 + х). 
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(viii) 27 — j 
> Е. б< > > 
Let c = ai + bj. Since b and c are perpendicular to each other, we 
have 
>> 


b:c— 0 or 4a + 3b = 0 > a:b3:—4 


i> 


Thus, c= (3i — 4p 
„> a ^ 
Let а = xi + yj be the required vector, then 
>> > 1 >. > 
b-a = (length of b) (projection a on b) 
ج‎ 4х + 3у = /25)1( = 5 (1) 
>> > > > 
Also с-а = (length of c) (projection of a on c) 
> 3х – 4y = v250) = 10 (2) 
Solving (1) and (2) we obtain x = 2, y = —]. 
Thus, d zm j 
(ix) х= т or x = Unt + tan! о) 


where « satisfies the relation 2 + « — % = 0. 
sin (x/2) + cos (x/2) — i tan x 
1 F 2i sin (x/2) nt 
__ [sin (x/2) + cos (x/2) = i tan xlll — 2i sin (x/2)] 
xis [I + 2i sin (x/2)][1 — 2i sin (x/2)) 
sin (x/2) + cos (x/2) + 4 tan x sin (x/2) — i [tan x 
2 sin? (x/2) + 2sin (x/2) cos (x/2)] 


Ка 2 GD T Oum a 
Ec 1 + 4 sin? x/2 


As E is real, we must have _ : 
tan x + 2 sin? (x/2) + 2 sin (x/2) cos (x/2) = 0 


2 tan (x/2) (2 tan? (x/2) + 2 tan (x/2)) _ 
аб denos, s oup 


Е = 


“i = tan? x/2 
x x 
* 2 tan E + am (1 + tan zy — tan? =)| =0 


2 ne x x эз ee 
т X ЕЕЕ НЕ 
х Sule: 
a aan |а ше] 0 @) 


x3 = 0 has just one real root. This can be 


The equation 2 + x — 
р у = 9. Eq. (1) implies that 


seen from the graphs of y = 2 + х and 


tan 5 = 0 or tan + == a, where & satisfies the relation 
2+» = 93 = 0 


х = 2пт oF ix = Unm + tan"! a) 


$ yd ae 5 2 fans 
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where л is any integer and х satisfies the relation 2 + х — a3 = 0. 


2-[5*3 | 


sec x cos x sec? x + cot x cosec x 
f(x) = | cos? x cos? x cosec? x 
1 cos? x cos? x 
Applying Ri > Ri — (sec x)R3 
0 0 sec? x — cos x + cot x cosec x 
= | cos? x cos? x cosec? x 
1 cos? x cos? x 


= [sec? x — cos x + (cos x)/sin? x][cos* x — cos? x] 
[sec? x — cos x 4- cos x/sin? x] (cos? x)(—sin? x) 
= —[sin? x — cos? x sin? x + cos? x] 

= cos? x sin? x — sin? x — cos? x 

= —cos! x (1 — sin? x) — sin? x 

= —с055 x — sin? x 


7/2 7/2 
f f(x) dx = =f; [cos x + sin? x] dx 


52 1 т 
و‎ 


iF 
Seno ey 
m [is * 4] 


PART B 


Ans. 3 


(a) Number of ways of тые at least one and at the most n books out. ~ 
of (2n + 1) is equal to 


IHC, F WHC + нс, 
= pimic, d ZC Е 3:210] 


= EC анс) + нс, $ IC, ) 
Feee P HC, зс, ур (oc = Cr) 
mg Pn Ob MHC, + нс, +... зн, 
+ MH E 2010, = 251€», 1] 


=F 1 س‎ yam | 


гере 


теч ни ^07 . у лаан Д с ue 
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Thus, 
2" — 1 = 63 
> ˆ 22» = 64 = 26 
> 2n = 6 or n=3 


(b) Let the equation of the line Zi be x cos « + ysina = р 
Also, let the equation of the line L2 be x sin « — y cos « = pz 
(where p2 is a variable) 
The coordinates of Р, О, R, S are then given by 
(р sec «, 0), (0, ру cosec a), (pa cosec я, 0), (0, —p2 sec х) respectively. 
Now, the equation of line PS is : 


x Е 
pisec% — paseca 
x y : 3 
or ——- = 60с (1) 
р p 
Also, the equation of the line QR is 
x م‎ 1 
pa sec рі cosec & 
or ~ 4% = cosec a (2) 
р? pn 


By eliminating the variable p2 from Eqs. (1) and (2), we can obtain 
locus of the point of intersection of PS and QR. Hence, the required 


locus is 


x ju. ep ИСА 
(mp iis 
> (x — pi sec «)x = (pi cosec а — у)у 
> x2 + у? — pı sec ax — pi cosec ay = 0 


which is a circle through the origin. 


Ans, 4 


Qui, sc oc CoL ca 
(a) Let P(n) be the statement POF < VI 


! 1 
We have Р(1): aF < mr 


This is true as LHS — 1/2 — RHS. Assume that the result is true 
for n = m, that is, assume that 

ame E 
Р(т) : это) ^ 4/3m + 1 


is true. : a 
We shall prove that the result is true for n= m + 1, that is, уе; 
shall show that ° 


ваа (1) 


От + 2! < LL 
Pm + ien + DU < vam 4 
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LHS of P(m + 1) 
imn "Qm + 2)! 


7 Qm 2mm. F IP 


| Qm! m+1 
= Pm) 20n + 1) 
1 +1 


< MTM 2m 2 C. P(m) is true) 


To prove (1), it is sufficient to prove that 


1 2m +1 _ 1 © 
V3m +1 2m+2 ^ ууун 4 
Since 
Qm + 1) (3m + 4) — (3m + 1)(2m + 2)° 
= (4m? + 4m + 1)(3т + 4) — (3m + 1)(4m? + 8m + 4) 
= 12m? + 28m? + 19m + 4 — (12m3 + 28m? + 20m + 4) 
=—m<0 i А 
Qm + 1P(3m + 4) < (3m + Dm 4- 2) 
^ 2m + 1 1 1 


—I—— ك‎ 
n +2 А/3зт 1 ^ узт 4 
This proves (2). Thus, P(n) is true for n = m + 1. Hence, by the 
principle of mathematical induction P() is true for all л. : 
(Б) The inequality is not defined for x = —1 /2, —1, —2. We may write 
the given inequality as 
) а а о Д (1) 
QE 12x + 2) 7 x31 
Let x < —2, then (1) can be written as 
Yckx«xcL623x-2(€52045x4220x11«0 
> 3x +2>0 or x > — 2/3 


But x < —2 and x > —2/3 are not possible simultaneously. 
Let —2 < x < —1, then (1) can be written as 


Mb NR (5/2) +1 (2845x420, x41«0 
„> 3x 2 <> EO x< —2/3, 
Note that —2<x<=1 сайд xe 2/3 
can hold good simultaneously. 
Next, let —1 < x < 1/2.. Then (1) implies x > —2/3. Note that 
=1<х < —1/2and x > —2/3 implies —2/3 < х — 1/2. 
Lastly, let x > —1/2. Then (1) implies х < — 2/3. But x > —1/2and 
X < —2/3 cannot.hold good simultaneously. 


Hence mee qe, 5/3 = ect —1/2. 
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Ans. 5 
(a) Let the third side be (x/a) + (y/b) = 1. (1) 
Centre of the inscribed circle is (2, 2) and its radius is 2. 
Since the inscribed circle touches (1), we get 
(2/a) + (2/6) — 1| _ 2 
v 0/2) + (1/62) 


4 4 S14 M. 4 ncs. 4 
5 # wl RE S 
Со 
* ab eae NN 
- 8 — 4b — 4a + ab = 0. (2) 


The vertices of the triangle are (0, 0), (a, 0), (0, b). 
The equation of the circumscribed circle is 


х + у —– ах — by = 0 
Its centre is (4/2, 5/2). 
If (х, B) is any point on the locus, then « = a/2, В = b/2 or a = 2x, 
b = 28. Putting these values in (2) we get 
8 — 88 — 8x + 408 = 0. 
2a + 28 — «B +2=0 
Therefore, the locus of the circumcentre is 
2х+2у-ху+2=0 (з) 
The locus of the circumcentre is given to be 
xty—xy + К? + 0) = O 
> 2х + 2y — 2xy +20002 + 92) = 0 (4) 
Subtracting (3) from (4), we get 
—xy — 2+ 2k + у)? = 0 
> | = Жз шлаг Жай, 
2 /xb4 y? 
(b) Let h(x) = f(x) + g(x) be continuous, then Ax) — f(x) = g(x) ‘is 
also continuous. But this is a contradiction. 


Ans. 6 
(a) We have 
ds { 
dius 2t 4d 
- S=Pf+t+k 


where k is a constant. At = 0, the top of the object is 2 m away 


from M. Therefore, 
2 = S(0) =k 
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Fig. 14 


Thus 
50) = Ht +2 
where S(t) is the distance of the top of the object from M. 


Let RR’ be the position of the object after one second and SS’ be 
its position after two seconds. Then, 


MR'—S0)—1-c1-2—4 MR=2 
MS' = S2)=2+2+4+2=8 MS=6 
Note that AR? = 42 + 22 = 20, AR? = 42 + 42 = 32 
BS = 62 + 42—52 BS? = 82 + 42 = 80 
By the cosine formula, 
оза = AR + AR?~ RR? 20.4 32 — 4 
E CRNA: оол WAVE 
sts gn х 
2x84/10 — 4/10 
and cos В = BS? + BS? — 552 


2(BS)(BS') 
252480—4 _ е эн л}. 
24/ 524/80 2x24/13X44/5 
8. 
65 
m sine —1///10 ` sin B = 1/4/65 


Thus, 
cos (a — В) = cosa соз В + sin « sin В 


3 8 1 1 
= —— X—— —=х—=— 
V10 4/65 t / 65 


1 
X 


X 
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(b) We have 
a + 92 = —bla, œm = c/a, 
Bi + f = —q/p, ВВ = тй 
The system of equations 
ay + xz = 0 
Ву + Paz = 0 


will have a nontrivial solution, if 


ay «2 ; 
=0 ore) — afi = 0 
IB Ba 
or «ү/х› = Bi/B2 


Applying componendo and dividendo, we get 
а + a2 _ Prt В 


ад — 92 Bi E 
(x — a} _ (Br = E» 


RÀ (@ += (Bi + [52 
is (a + a2)? — 4з _ (Bı + Ba)? — АВ\В› 
(a + a2)? (Bi EIS Ba)? 
= 1:3 40192 ae 4В\В» . 
[CET (Ai + Pa? 
i aa _ (а + aa)? 
BiB2 (В. + В)? 
: oa _ Bie ^ 
dp FPF 
T ac ci B iod 
pc ui 
Ans. 7 fuu MET 


(a) We have {50 


2x 4:390, "2x 341,97 

A720 Зх, 

The given equation can be written as | üpstlo (rilidadend <- 
ороз (2x + 3)(3х + M= Am logan (2x + 3) 

- logosi» Qx + 3) + logasen Gxt 7) = 4 — 2 1080 
(2x + 3) үө. ӨЧ SHES ) 

og Qx +3 
- uu 


Á 
/ 
д 
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2 log (2x + 3) n log (3х + 7) _ 


S OTD ОЕ) ^-^? (0 
log (2x + 3 
pus log e + ; Ж | 
Then (1) сап be written as 
2y + (19) - 3 = 0 
> 2? —3y+1=0 
> Qy - 00у – 1) = 0 
> = 1/2, у= 1 
When y = 1, 
log (2x 3. у 
log (3x + 7) 
> * log (2x + 3) log (3х -+ 7) 
= 2х +3=3x-+7 
> x= —4 
When y = 1/2, 
log (2x + 3 1 
3-2 
> 2 log (2x + 3) = log (3x + 7) 
E Qx + 3) = 3х 47 
m 402 + 12x + 9 = 3х + 7 
> 4x 9х +2 = 0 
> 


(4x + 1x + 2) = 0 
= х = —1/4, —2 
Since x > —3/2, x > —7/3, x # —1,x # —2, we get x = —1/4. 
(b) Since the man is just one step away from the starting point, he i5 
either one step ahead or one step behind the starting point. 


If he is one step ahead, then he has taken six forward and five 
backward steps. The man can take six forward steps in "С ways. 
Therefore, the probability that the man has taken six steps forward 
and five backward is 1 


!!C«(0.4)5(0.6)5 = 462(0.4)9(0.6)5 


Similarly, the probability that the man has taken five forward and 
six backward steps is 


11Cs(0.4)5(0.6)$ = 462(0.4)5(0.6)5 
.'. Probability of required event : 
( == 462(0.4)5(0.6)5 + 462(0.4)5(0.6) 
= 462(0.4)5(0.6)5(0.4 + 0.6) ' 
= 462(0.4)5(0.6)5(1) 
= He oes 
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Ans. 8 : neg 
(a) The given curve is 4x? + ау? = 4d? (4 < а < 8). This can be 
written as (x2/a2) + (32/4) —-T. This represents an ellipse. Any point 
on this ellipse is given by (а соѕ 0, 2 sin 0). Distance between 
(a cos 9, 2 sin 0) and (0, —2) is given by 

№2 cos? 0 + 2 sin 0 + 2? 
Let S = а? cos? 6 + 4 sin? 0 + 8 sin 0 +4 

= (4 — 22) sin? 0 + 8sin 9 + 4+ 4? 

dS | 


a 2(4 — a2) sin @ соз 0 + 8 cos 0 


dS à 
Forextreme values, 257 0 


> 2 cos O[(4 -- а?) sin 8 + 4] = 0 
> cos 0 = 0 or sin 0 = 4/(a@ — 4) 
Since 4< «S, (O< @—4 <4, 


thus 4/(a2 — 4) > 1. This shows that there is no value of 0 satisfying 
sin 0 = 4/(a* — 4). 
Also cos @ = 0 = 0 = 2/2, 37/2 


425 Н 
аэ оа ae E в 
de 2(4 ) cos 20 — 8 sin 


dS il à а 
HF Ре 2(4 — a?) созт: 8 sin (7/2) 
= 2g — 16 
As 4S сва = 0 
428 
E M 
PS) yg cumul se qtd d ae 


а | #@=3т|2 "WS b GU 
dus S is minimum when 0 = 2/2. Therefore, the required point is 
2). peto 4 
(b) Since //(0) exists, (0) = RFO) = Lf 0. Me} 


bu 750)! . 
Now, f= RAO) = tim ER 
x04: x 
А9 = ЛФ .. 
> | i Y 393999. ДОН Ө) = f (d) 
M POR 7 fo и = tin, f 1535 A @ 
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From (1) and (2), 


f) = tim -W _ _ gy | 


- 2f'(0) = 0 = f'(0) = 
Ans, 9 
(a) Let Eww denote the event that the first and second balls drawn are _ 
White. Let Ey, denote the event that the first ball drawn is white and 


the second black. We similarly define E», and Es». Let A denote the 
event that the third ball drawn is black. 


We have, 
í 25-51 1 
P(Eyy) = 4 x bc Є 
2 1 
РЕ) = 4х3 = 1 
À 2 
P(E) = zt x i = i 
3 
UN PES 3x = 
Now, 
2 
Р(АЈЕ,) = AZ 
— 3 (after the completion of second 
PCA/Ews) = `4 experiment, there are three black and 
one white balls) 
P(A[ES) = $ 
МАЕ) = 2 = 2. 
We know that 


P(A) = P(Evw)P(A/Ewn) + P(Eqs)P(A/Ews) +... 


г бу» Ga) + б) + Ê) 


= 10 +15 + 9-6 12 
60 


46 _ 23 


60 30 
(b) Let the Position vectors of A, B, C and D relative to origin О be 
> 


“and d respectively. Then АВ 2% E BC Ey — b, etc. 
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We have 
> ج > ج > ج‎ 
ABx CD + BCXAD + CA x BD 
ф = 3x - 9: + С — dx - 9+ @ п аа 5 


> > > 


bxd — p bxc + MM T IP bxd- cxa 


Ж 


E 


К 
> > > > >> > > > > > > 
= —bxe + axe — сха + bxa — axb + cxb 
> > > > > > 
= 2[cxb + bxa + axe] (1) 
Also, area of 4ABC is given by 
1 ج‎ 
5 | ВСХВА | 


> 


-De — 591 


il 


IR 
+ 


x 
ЕУ 


‚> > > > > 
—bxa— cxb + bxb| 


EE O 
| —axe— bxa — xb | 


ll 


\ 


b 
т + xa + exbl @ 
From (1) and o» we id 

| ABx CD + BCX AD "E CAxBD |, 


= 4 (area of 4ABC) 
Ans, 10 
x g(x) = ax +b 
ax +b x <0 
е w=} тн 
р j ES 


Since f(x) is continuous, foi is continuous at x = 0 also. 


Jim fx) = dim (ax + b) =P 


| А ora x 
й пало в A 
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= lim ( T LE 
dini adji + x 3 Y 
e —_— 
= (s.a? 


(. lim (1 + x)V* = e and lim 2!/* = co). 
fom x04 


Since f'is continuous at x — 0, 
b= Jim S(x) = lim f(x) = 0 
x01 


b—0 
We have f/C- l=a 
^ We shall now find f'(1). 
ЙЫ ed Hs 
Let ›=[ E] (x > 0) 
logy = = [log (1 + x) — log (2 + 3)] 
PW a | 1] 
Уу g llog (1 + x) — log 2+ д] + Û H- En 
? d 1 Ux[ 1 ) 
ge 2-H] {— 3 (log (1 + x) — tog 2 + x) 
1 1 1 
E deor e zii) i 
|o له‎ ۳ Ў т 
аве t Pd log 3) + -6- x) 


= ioe Gi) + + H 
2 3 1 
an == 3 108 (5) zi rj 
. Since f"(1) = f(— 1), we get 


2 3 1 
and dr HE 


Hence 


Now, put 


> 


Thus, 
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cos 2x 
sin x4/ cos 2x 
(2 sin? x — 1) 


чтуу == dx 
n xV cos? x — sin? x 


dx 


| [2—( x cot? x) 
-j A/ cot? x — 1 ү 


—(cot? x — 1) 
= ——————— ах 
f A/cot? x — 1 


=-| A/cot?.x — 1 dx 


cotx=t 
— cosec? x dx = dt 


КОШИ ДД, 
=— 4х=(ү шу 
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-f[[- reza 


2 1 1 
аше 
2335172 —, * Viral” 
1 4+ v2 

= — == log ———- + с 
aes E PE + 
where и = 4/] — 72 
= V1 (10) 
„Маза 
t 
_ Veo x = 1 
cot x 
Ans. 12 


The curve x? + y? = 25 is a circle of radius 5 with centre at the 
origin. 


Now, 


Thus, 


E i^ .—2xx«2 
у= 


аа-а x«—2 o x>2 


(-2<x <2) 
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represents part of the parabola with the vertex at (0, 1) and above 
the x-axis. 


y= 2/4 — 1 (x«—2 or x2) 


represents part of the parabola with the vertex at (0, —1) and above 
the x-axis. 


Coordinates of point D can be obtained by solving 
2 + مر‎ = 25), and УС (x2/4) —1 
Simultaneously. Putting x2 = 4y + 4 in x? +y = 25, we obtain 
pra +4 = 25 
ог ره ج ر‎ — 21=0 = (070—3) =0 
As the point lies in the first quadrant, we get y = 3. Therefore, 
coordinates of point D are (4, 3). 
Required area — Area (OBAO) — Area (OECO) 
— Area (CDFC) — Area (FDAF) 


Area (0840) = BEE. 


Area OECO) = f, [ — x. dk 


4 
2 8 4 
4 
Area (CDFC) — (le — |а 
eX [ 
= |1 FE 
ET o 
mc 
16 


— D UNE 
5 
and Area (FDAF) = |, №55 — x dx 


i 7 Ex e.5,sin 8 
“у 5 cos 0- 5 cos 0 d? Ez ws] 


iie 
+ T sin (7) 9 — 97810 о | 
== Lo – 2061 inea 


. 
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=” id Si + sin ay/1 — sinta] 
_ 25r 


TEESE 
4 =F [sin (4/5) + = x 


5 
257.125, . 2G) n 
= (m ЖО sin = 6. 


Hence, required area 


Бн 18. 25x 2 sn (2) 
DE ua asinis) + 6 
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PART A 


Ans. 1 
(i) An 
(ii) a 
(iii) the 
(iv) the 
(v) the 

Ans. 2 
(i) off 
(ii) on 

(ii) through 

(iv) with 
(v) into 

Ans. 3 


N 
(i) “What on earth,” he carried, “did they say?” 


(ii) No sooner did the visitor try to open the gate, two fierce-looking dogs 
attacked him, 


(iii) The new book is being talked about everywhere by the people. 
(iv) No other batsman has more runs to his credit in test matches than 
Gavaskar. 


(v) I was instructed by the teacher not to write my name anywhere in the 
answer book | 


Апз. 4 
(i) have known 
(ii) visits 

(iii) disappeared 


[ 
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(iv) had attended d 
(v) have lived 
(vi) are destroyed 
(vii) realized 
(viii) would become 
(ix) told 
(x) went 
Ans. 5 
(i) B; he has 
(ii) C; that 
(iii) D; the naked eye 
(iv) A; advice 
(v) D; well 
(vi) C; and 
(vii) B; how a digital computer is 
(viii) C; you pay 
(ix) B; the second 
(x) B; were surprised 
Ans. 6 
(i) migrate 
(ii) meticulous 
(iii) occasional 
(iv) wound 
(v) disgracefully 
(vi) patriotic 
(vii) predicted 
(viii) sanctuaries 
(ix) phenomenon 
(x) bombastic 


PART B 


Important Note 
The candidate is expected to answer questions of PART B inhis own words 
tions are awarded on the criteria of 


as far as possible. Marks for composi с › 
(i) relevance of subject matter, (ii) control over language and (iii) organi- 
zation, which involves the development of the subject in a logical and 
coherent manner. Unduly long answers (in case the word-limit is mentioned) 
are penalised. Serious errors of grammar and usage will also be penalised. 
from the original passage (in case of 
ks. For getting good marks in *Part B' 


answers should be brief and relevant. Above all, the candidate musthavea . 


good control over the English language. 


ER. 
e etas: 


йэн: 
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QUESTION PAPERS 


PHYSICS 
TIME ALLOWED: 3 Hours Maximum Marks: 100 


Note: (1) Attempt all questions. 
(2) Answers must be written in English. 
(3) Figures in the brackets on the right-hand margin indicate the 
marks for the corresponding questions. j 
(4) There will be no negative marking. 
(5) There are 13 questions in the paper. The answer to each question 
should begin on a fresh page. 
(6) Answer all parts of a given question at one place. 
(7) Logarithmic tables will be supplied. The use of calculators or 
slide rules or graph papers is not permitted. 
(8) Useful Physical Data: 
Speed of light in vacuum = 3x 10* m/s 


Planck's constant = 6.6х1073* Js 

Charge of the electron = 1.6x 1077? C 

1 atmosphere = 105 N/m? 

Gas constant R = 8.3 J/mole К 

Mass of the electron = 9.1x 10?! kg 
1 


жыш rs p 2/C? 
eke = 9x10? N т?/С 


PART A 


1. A bullet of mass М is fired with a velocity 50 m/s at an angle @ with 
the horizontal. At the highest point of its trajectory, it collides head-on with 
à bob of mass 3M suspended by a massless string of length 10/3 m and 
Bets embedded in the bob. After the collision, the string moves through an 
angle of 120°, Find 

(i) the angle 0, and 

(ii) the vertical and horizontal coordinates of the initial position of the 
bob with respect to the point of firing of the bullet. 

(Take g = 10 m/s?) (6) 
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2. Three particles, each of mass m, are situated at the vertices of an 
equilateral triangle of side length a. The only forces acting on the particles 
are their mutual gravitational forces. It is desired that each particle move 
ina circle while maintaining the original mutual separation a. Find the 

‚ jnitial velocity that should be given toeach particle and also the time period 
of the circular motion. (5) 

3. A train approaching a hill at a speed of 40 km/h sounds a whistle 
of frequency 580 Hz when it is at a distance of 1 km from a hill. A wind 
with a speed of 40 km/hr is blowing in the direction of motion of the train, 
Find 

(i) the frequency of the whistle as heard by an observer on the hill, and 

(ii) the distance from the hill at which the echo from the hill is heard by 
the driver, and its frequency. 


(Velocity of sound in air = 1,200 km/h) (5) 


4. Two moles of helium gas (У = 5/3) are initially at temperature 2TC 
and occupy a volume of 20 litres. The gas is first expanded at constant 
pressure until the volume is doubled. Then it undergoes an adiabatic change 

| until the temperature returns to its initial value. 


(i) Sketch the process on a p-V diagram. 
(ii) What are the final volume and pressure of the gas? 
(iii) What is the work done by the gas? (6 


5. Three particles, each of mass 1 g and carrying a charge 4, are sus- 
pended from a common point by insulated massless. strings, each 100cm 
long. If the particles are in equilibrium and are located at the corners of an 
equilateral triangle of side length 3 cm, calculate the charge q On each 
particle, (Take g = 10 m/s?) Ө 

6. In the given circuit 


Е = 3E» = 2E3 = 6 V 


Ri = 28; = 6 
Кз = 262 = 4 Ә 
С = Spf. 
Find the current іп Аз and the energy stored in the capacitor. @ | 
j Ry Bi 
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7. Two long parallel horizontal rails, a distance d apart and each having 
a resistance A per unit length, are joined at one end by a resistance R. A 
perfectly conducting rod MN of mass m is free to slide along the rails 
without friction (see Fig. 2). There is a uniform magnetic field of induction 
B normal to the plane of the paper and directed into the paper. A variable 
force F is applied to.the rod MN such that, as the rod moves, a constant 
current flows through R. 


(i) Find the velocity of the rod and the applied force F as functions of 
the distance x of the rod from R. 

(ii) What fraction of the work done per second Бу F is converted into 
heat? j (6) 


8 A parallel beam of light travelling in water (refractive index = 4/ 3) 
is refracted by a spherical air bubble of radius 2 mm situated in water. 
Assuming the light rays to be paraxial, 


(i) find the position of the image due to refraction at the first surface and. 
the position of the final image, and ‘ ! 
(ii) draw a ray diagram showing the positions of both the images. (6) 
9. A particle of charge equal to that of an electron, —e, and mass 208 
times the mass of the electron (called a mu-meson) moves in a circular orbit 
around a nucleus of charge +3e. (Take the mass of the nucleus to be infinite.) 
Assuming that the Bohr model of the atom is applicable to this system, 
(i) derive an expression for the radius of the m th Bohr-orbit, —— 
(ii) find the value of n for which the radius of the orbit is approximately 
the same as that of the first Bohr orbit for the hydrogen atom, and — 
(iii) find the wavelength of the. radiation emitted when the mu-meson 
jumps from.the third orbit to the first orbit. | Э 
6 


(Rydberg’s constant = 1.097 X 107 m7) |. 
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. 10. Select the correct answer from among those provided for the follow- 
ing and write in your answer-book the corresponding letter (A), (В), (С) g 
D) given in the bracket. . 6x1 = 6( 


4 Question Papers 


(i) Two bodies M and N of equal mass are suspended from two separate 
massless springs of spring constants kı and kz respectively. If the two bodies 
oscillate vertically such that their maximum velocities are equal, the ratio 
of the amplitude of vibration of M to that of N is 


(A) ка (В) Уе (O kalkı (0) УКК 


(ii) A boat "which has a speed of 5 km/h in still water crosses a river of 
width 1 km along the shortest possible path in 15 minutes. The velocity of 
the river water in kilometres per hour is 


(A) 1 (B) 3 (С) 4 (D) V/41 
(iii) A wave represented by the equation у = a cos (kx — wt) is super 


posed with another wave to form a stationary wave such that the point 
x = 0 is a node. The equation for the other wave is 


(A) asin (kx + wt) (C) —а cos (kx + ot) 
(В) —a cos (kx — wt) (D) —a sin (kx — et) 


(iv) If one mole of a monoatomic gas (У == 5/3) is mixed with one mole 
of a diatomic gas (У = 7/5), the value of Y for the mixture is 


(A) 1.40 (B) 1.50 (C) 1.53 (D) 3.07 


(у) Two coherent monochromatic light beams of intensities Гапа 4/ are 
superposed. The maximum and minimum possible intensities in the resulting 
beam are 


(A) 51 and I (C) 9I and 7 
(B) 5I and 37 (D) 97 and 37 


(vi) A piece of copper and another of germanium are cooled from room 
temperature to 80 K. The resistance of 


(A) each of them increases 
(B) each of them decreases 
(C) copper increases and germanium decreases 
(D) copper decreases and germanium increases 


11. In each of the statements given below, several alternatives are giVeD: 
In some cases more than one alternative is correct, Select the correct alter- 
native(s) in each case and write down the corresponding letter(s) (А), (В), 
(©) or (D) in your answer-book: For each part, marks will be awarded only 
if all the correct alternatives are written. (8x2 = 16) 

(i) A vessel contains oil (density = 0.8 g/cm?) over mercury 
(density = 13.6 g/cm?). A homogeneous sphere floats with half its volume 
immersed in mercury arid the other half in oil. The density of the material 


of the sphere in g/cm} is ; 
(A) 3.3 (B) 6.4 (C) 7.2 (D) 12.8 


(ii) An organ pipe Ри, closed at one end and vibrating in its first harmonic, 
and another pipe P2, open at both ends and vibrating in its third harmonio 


4 


А 


P 
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are in resonance with a given tuning fork. The ratio of the length of P; to 
that of P2 is 
(A) 8/3 (B) 3/8 (С) 1/2 (D) 1/3 
(iii) A. cylinder of radius R made of a material of thermal conductivity 
Ki is surrounded by a cylindrical shell of inner radius R and outer radius 
2R made of a material of thermal conductivity Ke. The two ends of the 
combined system are maintained at two different temperatures. There is no 
loss of heat across the cylindrical surface and the system is in a steady 
state. The effective thermal conductivity of the system is 
(A) Ki + K2 (C) (Ki + 3K2)/4 
(в) KiKa/(Ki + Ka) (D) (3Kı + K3)/4 
(iv) Two particles Х and Y having equal charge, after being accelerated 
through the same potential difference enter a region of uniform magnetic 
field and describe circular paths of radii Ri and R2 respectively. The ratio 
of the mass of X to that of Y is 
(A) Qu/ R2)! (B) Ro] Ri (С) (1/82)? (D) Ri/ Re 
(у) A short linear object of length b lies along the axis of a concave 
mirror of focal length fat a distance и from the pole of the mirror. The 
size of the image is approximately equal to 


ың Л edu) 
eL) ov L7) 


(vi) The potential difference applied to an x-ray tube is increased. As a 


result, in the emitted radiation, 


(A) the intensity increases 
(B) the minimum wavelength increases 
(C) the intensity remains unchanged 
(D) the minimum wavelength decreases 
(vii) A freshly prepared radioactive source of half life: 2 h emits radia- 
tion of intensity which is 64 times the permissible safe level. The minimum 


time after which it would be possible to work safety with this source is 


(A) 6h (в) 12H (Oh — (D) 128h 


(viii) The impurity atoms with which pure silicon should be doped to 


make a p-type semiconductor are those of 
(A) phosphorus (С) anitmony 
(B) boron - D) aluminium 
12. Read the following statements carefully. Indicate the subdivision 
18 sponding to each blank stric 
$ ja o 1 


number and write down your answer corres | id 
in the order in which it appears in the statement. (10x2 — 20) 


t 


2 


6. Question Papers 


(i) In the formula X — 3YZ?, X and Z have dimensions of capacitance 
and magnetic induction respectively. The dimensions of Y in MKSQ system 
ате АЫ БУ А 

(ii) The masses and radii оп the earth and the moon are Mi, Ri and М, 
Кә respectively. Their centres ате a distance d apart. The minimum speed 
with which a particle of mass m should be projected from a point midway 
between the two centres as so to escape to infinity is.......... 

(iii) A smooth uniform rod of length L and mass M has two identical 
beads of negligible size, each of mass m, which can slide freely along the 
rod. Initially; the two beads are at the centre of the rod and the system is 
rotating with an angular velocity wo about an axis perpendicular to the rod 
and passing through the midpoint of the rod (see Fig. 3). There are no 


external forces. When the beads reach the ends of the rod, the angular 
velocity of the system is 


eo ӨЛӨ el өөө о о 


(iv) A cylinder of mass M and radius R is resting on a horizontal platform 
(which is parallel ;to the x-y plane) with its axis fixed along the y-axis and 
free to rotate about its axis. The platform is given a motion in the x-direc- 
tion given by x. = A cos (wi). There is no slipping between the cylinder 


and platform. The maximum torque acting on the cylinder during its motion 
is 


(у) A solid sphere of radius R made of a material of bulk modulus K is 
surrounded by a liquid in a cylindrical container. A massless piston of area 
4 floats on the surface of the liquid. When a mass M is placed on the 
piston to compress the liquid, the fractional change in the radius of the 
sphere, 5R/R, is... eon. 

(vi) Two parallel-plate capacitors of capacitances C and 2C are connected 


in parallel and charged to a potential difference V. The battery is then 
disconnected and the region. between the plates of the capacitor C is com 
-Pletely filled with a material of 


dielectric constant К. The potential difference 


Las shown. The magnitude of the magnetic 


Ln 
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Fig. 4 


(ix) The binding energies per nucleon for deuteron (iH?) and helium 
(He) are 1.1 MeV and 7.0 MeV respectively. The energy released when two 
deuterons fuse to form a helium nucleus (2He*) is... - - үш, 

(x) In the forward bias arrangement of a p-n junction rectifier, the p end 
is connected to {һе .......... terminal of the battery and the direction 
of the current is Їтот1.......... O es in the rectifier. 


13. State whether the following statements are true or false. Give very 
brief reasons in support of your answers. Marks will be awarded only if 
correct reasons are also given. (4x2 = 8) 


(i) Two spheres of the same material have radii 1 m and 4 m and tem- 
peratures 4000 K and 2000 K respectively. The energy radiated per second 
by the first sphere is greater than that by the second. - 

(ii) An electric line of force in the x-y plane is given by the equation 
x + y2 = 1. A particle with unit positive charge, initially at rest at the 
p x = 1, у = 0 in the x-y plane, will move along the circular. line of 
отсе. 

(iii) A ring of radius R carries a uniformly distributed charge +0. A 
point charge — is placed on the axis of the ring at a distance 2R from the 
centre of the ring and released from rest. The particle executes а simple 
harmonic motion along the axis of the ring. zi «np FEE 

(iv) A. parallel beam of white light falls on à combination of a concave 
and a convex lens, both of the same material. Their focal lengths ate 15 cm 
‘and 30 cm respectively for the mean wavelength in white light. On the other 
Nis of the lens system, one sees coloured patterns with violet at the oüter 
edge. Ё 1 а 
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Time ALLOWED: 3-HOURS. © “Maximum MARKS: 100 


Note: (1) Attempt a// questions. 
(2) Answers must be written in English. © — 
(3) Figures in brackets on the right hand margin indicate the marks 
for the corresponding questions. 
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(4) There will be no negative marking. 
(5) There are 9 questions in the paper. The answer to each question 
should begin on a fresh page. 
(6) Answer all parts of a given question at one place. 
(7) Logarithmic Tables will be supplied. The use of calculators or 
slide rules is not permitted. 
(8) Useful data/useful physical constants: 
Avogadro's constant = 6.023 x 1023 mol"! 
Gas constant А = 2 cal deg"! mol-!; 
8.314 J deg-! mol-!; 
0.082 litre-atm deg"! mol-!. 


I Faraday — 96,500 Coulombs. 

Atomic masses: Ag = 108, Al = 27, C = 12, Cl = 355, 
Cu = 63.5, Fe — 56, H—1, Mg= 24, М№= И, 
Na = 23,0 = 16, S = 32, Si = 28. 

Atomic numbers: Al = 13, C = 6, Cu = 29, Fe = 6 
N = 7, Mg = 12, Mn = 25, Na = 11, Ni = 28, P= 15 
Sb = 51, Si = 14. 


PART A 


1. (а) A sugar syrup of weight 214.2 g contains 34.2 g of sugar 
‚ (Cı2H2201ı). Calculate (i) molal concentration and (ii) mole fraction of 
sugar in the syrup. e 
(b) Give reasons for the following: 


(i) The colour of mercurous chloride, Hg2Cl2, changes from white to 
black when treated with ammonia, 


(ii) The carbon-oxygen bond lengths in formic acid are 1.23A and 


136 A and both.the carbon-oxygen bonds in sodium formate have the same 
value, i.e. 1.27 Å, 


(iii) The valency of oxygen is generally two whereas sulphur shows 


valencies of two, four and six. Gx1-79 
(c) Write the structural formula of 4-chloro-2-penten (0 
-2- е. 
(4) Complete the following reactions: © j 
; CH;Mg3. ' ӘН 
Sate gBr ? 
() H3C—CcHO: — >? > melded 
| 
H 


excess ammonia 


Ha ? 
i) CHCOOH — cic; coog E 


o 
Y er) 
کے‎ Eo 6% 
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о 
\ base catalyst acid catalyst 
(iii) 2CH3CCH3 9$ => 


SOH oF 


| 
1 CHCI,/NaOH 
(iv) Se О Rie (4x1 = 4) 


2, (a) A cell contains two hydrogen electrodes. The negative electrode is 
in contact with a solution of 10-6 M hydrogen ions. The emf of the cell is 
0.118 V at 25°C. Calculate the concentration of hydrogen ions at the 
positive electrode. (2) 

(b) N20; is 25% dissociated at 37°C and one atmosphere pressure. 
Calculate: (i) Kp, and (ii) the percentage dissociation at 0.1 atmosphere ү 
87°C: 4) 

(с) How many gram-moles of HC! will be required to prepare 1 litre of 
a buffer solution (containing NaCN and HCl) of pH 8.5 using 0°01 gram 
formula weight of NaCN? \ 

Kaissociation (HCN) = 41% TU (4) 


3. (a) A hydrated metallic salt A, light green in colour, gives a white 


anhydrous residue B after being heated gradually. B is soluble in water and 


its aqueous solution reacts with NO to give а dark brown compound C. B 
nd a mixture of two gases E 


on strong heating gives а brown residue Da 
and Е. The gaseous mixture, when passed through acidified permanganate, 
discharges the pink colour and when passed through acidified BaCl solution, 
gives a white precipitate. Identify A, В, С, D, Eand F. 

(b) A first order reaction is 50% complete in 30 minutes at 27°C and in 
10 minutes at 47°C. Calculate the reaction rate constant at 27°C and the 
energy of activation of the reaction in kJ/mole. (3) 

(c) In a fuel cell hydrogen and oxygen react to produce electricity. In the 
process hydrogen gas is oxidised at the anode and oxygen at the cathode. 
If 67.2 litres of Ha at STP react in 15 minutes, what is the average current 
produced? If the entire current is used for electrodeposition of copper from 
copper(II) solution, how many grams of copper will be deposited? 


Anode reaction: _ H2 + IOS чту 290 + 27}: ‘i 


Cathode reaction: O2 + 2H20, 2€ =? 40H- A 


4. (a) An intimate mixture of ferric oxide, Ее203 and aluminium, Al, is 


used in solid fuel sockets: Calculate the fuel value per gram and fuel value 
e as follows: 


per cc of the mixture. Heats of formation and densities ar 


Hy (Al2O3) = 399 kcal/mole; BA | 
Density of FeO = 5.2 g/cc; Density of Al = 2,7 g/cc. ‚ @ 
(b) A sample of hydrazine sulphate (N2HeS04) was dissolved in 100 ml 
of water. 10 ml of this solution was made to react "with excess of ferric 


chloride solution and warmed to complete the reaction. Ferrous ion formed 


ت نے 
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was estimated and it req 
solution. Estimate the 
solution. 

Reactions: 


uired 20 ml of M/50 potassium permanganate 
amount of hydrazine sulphate in one litre of the 


AFe?* + N2H,—> № + 4Ее2+ + 4H* 
MnO; + SFe?* + 8H* —> Mn?* + 5Fe3+ + 4H20 (4) 
(c) Give balanced equations for the following: 


With nitric acid to give equimolar ratio of nitric 
` oxide and nitrogen dioxide. 


(iv) Carbon dioxide is passed through a concentrated aqueous solution 
of sodium chloride saturated with ammonia. (4x1=4) 

5. (a) Give a chemical test and the rea 
the following pairs of compounds: 

(i) Cyclohexane and cyclohexene 

(ii) Ethylamine and diethylamine. 


gents used to distinguish between 


(2x1=2) 


+ (b) An organic compound 4, containing C, H, N and O, on analysis 
gives 49.32% carbon, 9.59% hydrogen and 19.18% 


- The silver salt of B contains 59.67% EC 


(c) A hydrocarbon 4 (molecular formula C5H0) yields 2-methyl butane 
talyt i 


ic hyd i 
koff's rule) to f. 


PART B 


‚б. For each subquestion given below, 
only one is correct. Write down the correct 
illustrated by the following example: 
[The lightning boits in the atmo 


(А) NO (B) NH; (C) NH4OH- (D) NH20H 
The answer is to be given as (A).] 
ei (i) The triad of nuclei that is isotonic is 
s Oa Ы ВЕ qug ЧС, 9N, ЗЕ 
2G) $C, IN, Б, | (D) %С, N, ЗЕ 


four answers are given of which 
answer in ‘the answer-book as 
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(ii) The wavelength of a spectral line for an electronic transition is 
inversely related to ; 
(A) the number of electrons undergoing the transition 


(B) the nuclear charge of the atom 

(C) the difference in the energy of the energy levels involved in the 
transition 

(D) the velocity of the electron undergoing the transition 


(iii) The orbital diagram in which the Aufbau principle is violated is 


Fig. 5 
(iv) The outermost electronic configuration of the most electronegative 
element is f 
(A) ns?np? (B) nnp! (© зарэ: (D) тир? 


(v) The first ionisation potential of Na, Mg, Al and Si are in the order 


(А) Na < Mg > Al <Si © Na < Mg < Al > Si 
(B) Na > Mg > Al > Si (D) Na > Mg > Al < Si 
(vi) The species in which the central atom uses sp? hybrid orbitals in its 
bonding is : 
(A) PH; (B) NH3 (© CH (D) SbH; 
(vii) Polarisation of electrons in acrolein may be written as 
3 e 87 ôt ( 


T di 
(A) CH2=CH—CH=0 (C) CH:=CH—CH=0 
8- 5+ ДИЕ.) 8- 
(в) сн;=СН—СН=О (D) CH2=CH—CH=0 
(viii) The molecule that has linear structure is nr 


(A) CO; (B) NO: (С) SO; (D) 5102 ! 
(ix) The CI—C—CI angle in 1,1,2,2-tetracholoroethene and tetrachloro- 
methane respectively will be about / 


(A) 120° and 109.5° 
2 (B) 90° and 109.5° 


(C) 109.5° and 90° 
(D) 109.5° and 120° 


SES a ЕРЕ PE LL. 
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(x) The equivalent weight of MnSO; 
is converted to 


(А) MmO; (B) MnO: (С) MnO; (D) Мпо 


(xi) In van der Waals equation of state for a non-ide 
accounts for intermolecular forces is 


(А) (V — 8) о (e - i) 
(B) RT (D) (RT)! 
(xii) A bottle of dry ammonia and a bottle of dry hydrogen chloride 

Connected through a long tube are 


opened simultaneously at both ends, the 
white ammonium chloride Ting first formed will be 


(A) at the centre of the tube 


(B) near the hydrogen chloride bottle 
(C) near the ammonia bottle 


(D) throughout the length of the tube 

(xiii) In which mode of expression the concentration of a solution remains 
independent of temperature? 

(A) Molarity 

(xiv) When equal volumes of the followi 
tion of AgCI (Ky = 1.8x 10710) will occu 

(A) 104M (Ag*) and 10-4 M (CD 

(B) 1075 M (Ag*) and 10-5 M (СГ) 

(C) 10-6 M (Ав?) and 10-6 M (CI-) 

(D) 10-10 M (Ag) and 10-19. M (C17) 

(xv) The pK, of acet 


juice in the human stom: 
about 8. Aspirin will be 


al gas the term that 


ng solutions are mixed precipita- 
г only with 


ylsalicylic acid (aspirin) is 3.5. The pH ога 
ach is about 2-3 and the PH in small intestine 


(A) unionised in the small int 


(B) completely ionised in the small intestine and in the stomach | 
(C) ionised in the stomach and almost unionised in the small pee 
(D) ionised in the Small intestine and almost unionised in the stomac 


(xvi) The standard Teduction Potentials, E°, for the half reactions 
are as 


estine and in the stomach 


Zn = 212+ 4. 2e; 
Fe = Fe2+ 4. 2e7; 
The emf for the cell reaction Fe2* 
(А) —035 v 
(В) +0.35 v . 


E? = +0.76 V 
E? > + 0.41 V 
+ Zn > Zn? + Fe is 
(C) +1.17-V 
(D) —1.17 V 


(B) Normality (C) Formality (р) Molality 


is half its molecular weight when it 


(xvii) In CH3CH20H, the bond that 
readily is 

(A) С—С 

(B) C—O 

(xviii) Phenol reacts with bromine 
to give 

(A) m-bromophenol 

(B) o- and p-bromophenols 


(xix) The number of structural 
compound, CsHoBr, 


are 

(A) 1 and 2 
(xx) Among the following, 
of the compound at 298 K will be shown by 
(A) MnSO,: 4H20 
(B) CuSO4-5H20 


(B) 2 and 4 


[Example: The atomic nucleus contains 


(A) protons 
(B) neutrons 


Answer: (A) and (B) are correct.] 
(i) Potassium manganate 


(A) chlorine is passed 


strong alkali 


(ii) Keto-enol tautomerism is observed in 
d 
\ 
(A) HsC;—C—H 
O 
ec 
(B) HsCs—C—CHs 
Gii) The rate law for the reaction 
RCI + NaOH (aq.) > 


(B) halved on reducing the concentration 


(C) 4 and 2 
the lowest degree of paramagnetism per mole 
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undergoes heterolytic cleavage most 


(C) C—H 
(D) О-Н 


in carbon disulphide at low temperature 


(C) p-bromophenol 
(D) 2,4,6-tribromophenol 


and configurational isomers ofa bromo- 
formed by the addition of HBr to 2-pentyne respectively 


(D) 2 and 1 


j 


(C) FeSO4:6H20 
(D) NiSO4: 6H20 


7. (а) Among the four answers given for each subquestion, 
is correct. Write down all the correct answers. 


one or more 
(5x1 = 5) 


(C) electrons 
(D) photons 


(K2Mn0)) is formed when 


into an aqueous KMnO; solution 
(B) manganese dioxide is fused with potassium hydroxide in air 
(C) formaldehyde reacts with potassium permanganate in presence ‘of a 


(D) potassium permanganate reacts with conc. sulphuric acid 


о 


te os 
(C) HsC«—C— Сен 


о 


\ \ 
(D) HsCe—C—CH2—-C—CH 


ROH + NaCl 
is given by, Rate = ki [RCI]. The rate of the reaction will be 
(A) doubled on doubling the concentration of sodium hydroxide 


of alkyl halide to one half 


es 
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(C) increased on increasing the temperature of the reaction 
(D) unaffected by increasing the temperature of the reaction 


(iv) Nuclear reactions accompanied with emission of neutron(s) are 


(A) ЙАТ + Не -> 20р (С) ISP — 295; +. % 
(B) $C + IH > "N 
(v) The statements that are true for the long form of the periodic table 
are: 
' (A) It reflects the Sequence of filling the electrons in the order of sub- 
| energy levels s, p, d and sf 
(B) It hel 


Ps predict the stable valency states of the elements. 


(C) It reflects trends in physical and chemical Properties of the elements, 
(D) It helps predict the те 
elements, 


(b) Fill in the blanks choos 
against each statement 


lative ionicity of the bond between any two 


ing appropriate words given within brackets 
(5x1 = 5) 

Principle and the Concept of wave nature of matter 
(Heisenberg, Schodinger, Maxwell, 

^ (ii) In extractive metallurgy of zi 
QD ry M a and reduction 


Ие Ton оаа f) 


| 
(D) "Am + Не -> Bk + e 
| 
| 


de Broglie) : 
nc partial fusion of ZnO with coke is 


of the ore to the molten metal is 
called 


M SRL А Mirror images are known as 


(superimposable, no 


n-superimposable, enantiomers, diastereomers, 
epimers) 


HR AB HM ERA Eng e ge are isostructural. 
dicia CuSO,.5H;0; MnSO,.4H;0; ZnSO4.7H20) 
V 


Petia ets . ion. 
(hydrobromic, hypobromous, perb 
. Each entry in column X is i; 


n some way related to the entries in columns 
Y and Z. Match the appropriate entries, (10x1 = 10) 
(Example: Animal charcoal; C, Саз(РО,); sugar Tefining] 
X Y 7 ! 
(i) Animalcharcoal kJ deg-1 watch spring 
er ст-! 1.3805 х 10726 — . 
ichrome Co, Ni sugar refining 
Rydberg Fe, Ni cutlery 
Stainless Steel Fe, Cr, Ni, C 109677 
/ Boltzmann (€ Cas (PO,) heating element 


4 
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(ii) Friedel-Crafts oil alkenes 
Fermentation Lewis acid soap 
Dehydrohalogenation cuprous chloride anhydrous AICI; 
Sandmeyer yeast í chlorobenzene 
Saponification alcoholic alkali ethanol 


9.(a) Arrange the following in each subquestion as indicated. 
(6x1= 6) 
(i) HOCI, HOCIO», HOCIO;, HOCIO 
in increasing order of thermal stability. 
(ii) n-butane, n-butanol, n-butyl chloride, isobutane 
in increasing order of boiling point. 
(iii) №, O2, F2, Ch 
in increasing order of bond dissociation energy ; 
(iv) benzene, toluene, methoxybenzene, chlorobenzene Х 
in increasing order of reactivity towards sulphonation with fuming sulphuric 
acid. : 
(у) CO», №05, 5102, SO; 
in the order of increasing acidic character. 
(vi) methylamine, dimethylamine, aniline, N-methylaniline 
in increasing order of base strength. it 
(b) In each subquestion below a statement (S) is given which may be 
correct or wrong. 
For each statement an explanation (Е) is given which may. be correct or 


wrong. 
Choose the correct answer from the code A, B, C, D 'given for each 
subquestion. (2x2 = 4) 


(i). Statement (S): If a strong acid is added to a solution of potas- 
sium chromate it changes its colour from yellow to 
orange. 

Explanation (E): The colour change is due to the oxidation of potas- 
sium chromate. 

Code: | 1 

(A) Both (S) and (E) are correct and (E) is the correct explanation 
of (S) 

(B) Both (S) and (E) are correct but (E) is not the correct explanation 
of (S). 

(C) (S) is correct but (E) is wrong 

(D) (S) is wrong but (Е) is correct. 

Gi) Statement (S): Solubility of m-alcohols in water decreases with 

increase in molecular weight. | | 
Explanation (Е): The relative proportion of the hydrocarbon part in 

alcohols increases with increasing molecular weight 

which permits enhanced hydrogen bonding with 


water. 
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Code: 


(A) Both (S) and (E) are correct and (E) is the correct explanation 
of (S) 


(B) Both (S) and (E) are correct but (E) is not the correct explanation 
of (S) 

(C) (S) is correct but (E) is wrong 

(D) (S) is wrong but (E) is correct. 


MATHEMATICS 


TIME ALLOWED :3 Houns Maximum Marks; 100 


Note: (1) Attempt all questions, 

(2) Answers must be written in English. 

(3) Figures in brackets on the right-hand margin indicate the marks 
for the corresponding questions. 

(4) There will be ло negative marking. 2 

(5) There аге 14 questions in the paper. The answerto each question 
should begin on a fresh page. 

(6) Answer all parts of a given question at one place. 

(7) The use of calculators, slide rules, logarithmic, trigonometric and 
statistical tables, or graph papers is not permitted. 


PART A 


1. (a) Let Ri be the set of real numbers and f: R — R be such that for 
all x and y in R | f(x) —fy|<|x- у P. Prove that f(x) is a o 
(b) A box contains 2 fifty paise coins, 


5 twentyfive paise coins and à 
certain fixed number N (7 2) of ten and five paise coins. Five coins are 
taken out of the box at r, 


andom. Find the probability that the total value of 
these 5 coins is less than one rupee and fifty paise. 3 
2.(a) Prove that 


tan а + 2 tan 2a + 4 tan 42 + 8 cot 8х = cot « (2) 


(b) Let OACB be a parallelogram with O at the origin and OC a diagonal. 


Let D be the midpoint of ОА. Using vector methods prove that BD and 
CO intersect in the same ratio. Dete 


rmine this ratio. (3) 

3. Solve: [P+ 4x +3 | 2x -5— 0 (5) 

4. Lines Lı & ax 4 by +¢=0 and Lz = Ix + my +n = O intersect 
at the point P and make a 


n angle @ with each other. Find the equation of 
which passes through Р and makes the same angle 


i 
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5. Let S= x? + y? + 2gx +:2fp + с = 0 bea given circle. Find the 
locus of the foot of the perpendicular drawn from the origin upon any chord 
of S which subtends a right angle at the origin. (5) 

6. Investigate for maxima and minima the function 


fo) = [2G - 00-29 + 3G 96-204 — 
7. Find the area of the region bounded by the curve С:у = tan x, 


tangent drawn to C at x = 7/4 and the x axis. | (5) 
8. Evaluate: 
1 ИП ТУ ын, —— 
р, log [V — 3) + V+ %1 ax 6) 


9. A sign-post in the form of an isosceles triangle 4 BC is mounted on a 
pole of height л fixed to the ground, The base BC of the triangle is parallel 
to the ground. A man standing on the ground at a distance d from the sign- 
post finds that the top vertex A of the triangle subtends an angle P and 
either of the other two vertices subtends the same angle « at his feet. Find 
the area of the triangle. i | (5) 

10. Let R = (5\/5 + 11)! and f = R — [R], where [ ] denotes the 
greatest integer function. Prove that Rf = 4’. (5) 


PART B 


11. This question contains four statements, each of which is either true or 
false. Indicate your choice of the answer in the answer-book by writing true 
or false for each statement. ; wi = 4) 

(i) If fi(x) and f(x) are defined on domains D; and D2, respectively, then 
A(x) + f(x) is defined on Dı U 22. 2 

(ii) The cube roots of unity when represented on Argand diagram form 
the vertices of an equilateral triangle. 

(iii) The lines 2x + 3y + 19 = 0 
coordinate axes in concyclic points. 

(iv) The value of the integral 


f otto + fea — Max 


and. 9x + 6y — 17 =0 cut the 


is equal to a. ) j 
12. There are eight parts in this question. Four choices are given for each 


part and one of them is correct. Indicate your choice of the ico etd 

for each part in your answer-book by writing one of the letters x : ui 19 

whichever is appropriate. Satins | M 
(i) The value of the expression V3 cosec 20° — sec 20? is equal to 


(A) 2 


qnem i 
(B) 2 sin 20°/sin 40° (D) 4 sin 20°/sin 40 
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(ii) The complex numbers sin x + i cos 2x and cos x — isin 2x are 
conjugate to each other, for 

(А) x = пт $ (C)'x=0 

(B) x 2(n4- 1/2) т (D) no value of x 

(iii) If P = (1,0) Q = (—1, 0) and R = (2, 0) are three given points, 
then the locus of the point 5 satisfying the relation SQ? + SR? = 2SP?, is 

(A) a straight line parallel to the x-axis 

(В) a circle passing through the origin 

(C) a circle with the centre at the origin 

(D) a straight line parallel to y-axis 


(iv) If a circle passes through the point (a, b) and cuts the circle 
x? + y? = k? orthogonally, then the equation of the locus of its centre is 

(A) 2ах + 2by — (2 + B + = 0 

(B) 2ax + 2by — (a? — b? + k3) = 0 

(С) x? + у? — Зах — 4by + (à + b? — k?) = 0 

(D) x? + y? — 2ax — 3by + (а2 — b? — 2) = 0 

(у) The sum of the first п terms of the series 


1 3 7 15 
ER ЕТ 


is equal to 
(А) 27—n +1 (C) n + 2* — 1 
(В) 1—27 (D 2" — 1 


(vi) Ify = P(x), a polynomial of degree 3, then 


4(„ dy 
Fat 2] 


equals 
(A) P'"(x) + P'(x) (C) PP (x) 
(B) P"(x)P'"(x) (D) a constant 


d -> ج ج‎ > > > 
(vii) Let a, b, c be three non-coplanar vectors and p, q, r are vectors 
defined by the relations 


> > > > > > 
ND SCAN СР cxa > axb 
P = S331) ф= LEX دم‎ >>>] 
abc ; HE [abe 


Then the value of the expression 

> -> > > E > 
Bp O6 + date + dr 
15 equal to 


(A) 0 (B) 1 (C) 2 (D) 3 
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(viii) One hundred identical coins, each with probability, p, of showing 
up heads are tossed once. If 0 < p < 1 and the probability of heads show- 
ing on 50 coins is equal to that of heads showing on 51 coins, tlien the 
value of p is 

(A) 1/2 (B) 49/101 (C) 50/101 (D) 51/101 

13. There are five parts in this question. Each part has one or more than 
one correct answer. Indicate all correct answers for each part by writing 
the corresponding letters A, B, C, D in the answer-book. (5х2 = 10) 

(i) If the first and the (2n — 1)st terms of an A.P., а G.P. and an H.P. 
are equal and their mth terms are a, b and c respectively, then 

(A)a=b=c (C)hatc=h 

(В а>®Ь> с (D) ac = № = 0 

(ii) The equations of the tangents drawn from the origin to the circle 
x? + y? — 2rx — 2hy + А? = 0, are : 

(A) x 20 (С) (k — г?)х — 2rhy = 0 

(B y=0 (D) ( — r2)x + 2rhy = 0 

(iii) The values of 8 lying between @ = 0 and # = 7/2 and satisfying the 
equation k 


1 + sin? 6 cos? 0 4 sin 40 
sin? 8 1 + cos? 0 45іп 40 | =0, 
sin? 6 cos? 0 1+ sin 40 
are 
(A) 77/24 (B) 57/24 (C) 117/24 (D) 7/24 


(iv) The function 
Ix -31; x21 
ПРЕ 
7 У ПО 


(С) continuous at x = 3 


(A) continuous at x = 1 
(D) differentiable at x = 3 


(B) differentiable at x = 1 
(у) For two given events A and B, P(4 N B)is 


(A) not less than P(A) + P(B) = 1 

(B) not greater than P(A) + P(B) 

(C) equal to P(A) + P(B) — P(A О B) 

(D) equal to P(A) + P(B) -+ P(A U B) 

14. This question contains ten incomplete statements. Determine your 


answers to be inserted in the blanks so that the со E d 
Writ i book, strictly in the order in w 
€ those answers only in your answer , (10x2 = 20) 


the statements appear below. 
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(i)_If the angles of a triangle are 30° and 45° and the included side is 
(М3 + 1) ст, then the area of the triangle is 
(ii) The value of the determinant 


1 a @—be 
I b  b-—ca 
1 c c-—ab 


ee eee t t] ong. 


8 
м........., 


i 
(iii), The components of a vector a along and perpendicular to a non- 


> 
zero vector bare..........and....... . . . respectively. 
(iv) For any two complex numbers zi, 22 and any real numbers a and b. 


lan —banf-lbz-4canpBe.......... 
(v) The sum of the first n terms of the series 
1? + 2.22 + 3242424 52+ 2.62 +... 


ОНО 


Vix) — 3 
m Vx –3 
equals......, TES 
(ix) The integral 
Ў 1.5 
f. [x?] dx 


where [ ] denotes the greatest integer function, equals .......... 

(x) Urn A contains 6 red and 4 black balls and urn B contains 4 red 
and 6 black balls. One ball is drawn at random from urn A and placed in 
urn B. Then one ball is drawn at random from urn В and placed in urn A. 


If one ball is now drawn at random from urn A, the probability that it i$ 
found to be red is... .. | ars 


MODEL SOLUTIONS 


PHYSICS 


PART A 


Ans. 1 
(i) Referring to Fig. 6, when the bullet reaches the highest point A, its 


horizontal velocity component is 
ох = u cos 0 . (whereo = 50 m/s) 


Fig. 6 
aO 
Kinetic energy imparted — IM Ap Mı? cos? 0 


As a result, the composite body (Le. vidi satio of mass M + 3M = 4M 


is raised to a vertical height, 


h- 1+1. (Fig. 6) 


Ps Potential energy gained = 4Mgh : 
І 0 = 4М8х5 = 20 Mg 


22 Model Solutions 
From the law of conservation of energy, 


i Ms? cos? 0 = 20 Mg 


5 " tos ae 405 
vU 
КОРОК 2 — 
Ries 50 а: 
@ = 66.4° 


(ii) Vertical component of the init 


ial position А of the bob with respect 
to the point O of projection 


—_ (50)? sin? 66.4° 
2x10 


= 105 т 
Horizontal component = E (horizontal range) 


_ 2 sin 20 
AE 

_ (50)? sin (132.8) 
о 2x10 


=91.7m 
Ans, 2 


Consider the particle of mass m at A as a representative of the three masses 
(Fig. 7). Forces acting on it are Fı and Fy, 


Feces чер 


Fig.7 


\ 


es 
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These can be broken up into rectangular components along AO and per- 
pendicular to the direction of AO. The perpendicular components will 
cancel out and those along AO will unite together giving a net force 
equal to 


с СТА vm 
PM cos 30° +- 2 cos 30 


Ст? V3 _ Gm 21 
uo 2X DES x /3 


For a circular motion with О as centre, the initial velocity, v given to the 
mass m should be such that the corresponding centripetal force must become 
equal to the net force. Thus, 


2 2 EE 
mv Gm x у 3 


Thre, baste 
The radius r of the circular path is given by 
2 107. Еа 
3 (^ n» 
т? Ст? — 
: adya © АМ 
бт 
> 0 = ہے‎ 
a 


The time period of the circular motion will be given by 


Qar і. 2n a|v/ 3 2) 
aon | 


e 
a 
Ans. 3 


Considering the case of source approachin, 
Observed frequency is given by 


a 21 
n = hum 
where » and 7’ are the real and observed frequencies respectively, and v 


and v' are the wave and source velocities respectively. Тн ДЕ) 
If the wind also moves in the direction of the waves (source to lis , 


v changes to (v -+ vm) where Um i$ the velocity of the medium (wind). Thus, 
in this case, x 


g and listener stationary, the 


y + om ) 
ey 
7 v+im—? 


Here, о = 1200 km/h 
um = 40 km/h 
v' = 40 km/h 
n = 580 Hz 
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Substituting the values, 


+f 1200 + 40 
T - (m ча до) 580 
_ 1240 


= 1209 Х 580 = 599 Hz 


For the receipt of the echo by the driver, we have to take 599 Hzas the fre- 
quency given out by the source at the hill, the listener approaching with a 
speed of 40 km/h and the wind blowing at a speed of 40 km/h opposite 
to the direction of the waves. The frequency 7” will be given by 


_ (1200 1 
= reo X 599 = 620 Hz 


The time taken by the waves in their upward journey to the hill is given by 


E 1 km p h 
(1200 + 40) km/h 1240 


In this time, train moves closer to the hill bya distance 


1 1 
40х14) = зг km 


the distance between the train and the hill becomes 


(1-30) = Sfm 
Suppose the echo is heard x hours after this instant. The distance travel- 
led by the train in this interval is given by 
d = 40xx km 
the distance travelled by the waves in the same time is given by 
ү 4' = (1200 — 40) xx km 
= 1160x x km 
The sum of d and d’ is equal to 30/31 km 


ti 


Therefore, 


Also, 


40xx + 1160x x — 30 


А : : by the cae when the train has moved overall a distance 
of st 31 = 3; km from the start, Thus, the echo will be heard when 


distance between the driver eh : Ke T ea P" 


For expansion and constant press | i А ЧУЛ ЕД 


7t ў i 1 ү. IE 
y : х t 
і 
jhe 
M. 
f 
1n 
| 
ІЖ 
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У = 5/3 
Т = 300 K 
№ = ? 
We can write, 
=) 
Vif m XT. | 
И» _ (Ty | 
ог P (2) å 
1/¥-1 | 
ог Из = (г) 


Substituting the values, 


1 
S 600 15/371 
И = 0.04($0 ) 
= 0.04 x 22 = 0.11312 m? 
The final volume, therefore, is 0.11312 т? 


PıVı _ Ру 
md Au OE 
°". Final pressure, 
PIT; 
Р? ТЗ 
— (24.9 x 104) x 0.04 300 
600 x (0.04 x 23/2) 


= 4.4x 104 N/m? 


(i) The process on a P-V diagram can now be sketched as shown in 


Fig. 8, 


> 
Ф 
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(iii) The work done by the gas is the work done during the adiabatic 
process. It is given by the expression 
_ R(T; = T2) ‹ 
Hz a 
_ 28.3 × (600 — 300) 
E 
3 
= 74707 
` The work done on the gas is the work done during the first expansion. It 
is given by the expression 
W' = P(Veinut — Vinitial) 
= 24.9 x 104 x (0.04 — 0.02) 
= 4980 J 
Thus, net work done by the gas iS , 
(W — W') = 7470 — 4980 - 
= 2490J 
Ans. 5 ' 


Consider опе of the masses at the corner A of an equilateral 
length 3 cm (Fig. 9). 


triangle of side 


Н 22224 ^ 
Fig.9 
The mass is in equilibrium under the action of following forces: i 
Fy and Fc in the horizontal plane at 60° to each other, the weight acting - 
Vertically downward (mg) and the tension T of the string acting at an angle 
Ó to the horizontal direction (Fig. 10). The angle û can be calculated as in 


Fig, 11. 
From trigonometry, 
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К T 
"x 
dE 
fe 
W=mg De 3cm- Г 
Fig. 10 на. ШШ 
а V3 =/3cem 
с (ш... 2ч 
40 7 C3 
Also, AO ^ too "co? 
4 роь (К) 


The vertical Component of the tension 
bob and the horizontal 
Fs and Fc. . 


Vertical component, 


T will balance the weight of the 
component will balance the resultant of the forces 


T sin 6 = mg 
= (1x1073) 10 


= 10-2 
Horizontal component, 


T cos 0 = VF? + F2 + 2F5Fc cos 60° 
Fe = Ес 
29x10 x97 
* ' 78x13. 
" | = gxl08N | 
Тсоз0 = 92x 1074/2 32 cos 60° 
= gx109V/3 


But 
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1 


or tan 0 = WETE 
4/100 — 3 des 100 
tan 0 = att A. dis 0 
But an V3 : m 
100 . 1 
V3 м3Фх10% 
in q = 3.16 x 10° 


Ans. 6 

It is given that current Л starts from Е and moves up to B where it meets 
Ih coming from Ез. On reaching б, the current Js splits into Л and 2 (Fig. 12). 
There is no flow of current through Ri or C. Due to potential difference 
between F and G, a change will develop across C. As E3 is dominant over 
` E», the current coming out of E2 can be ignored. 


Lh = m 


= E17 6V 
DER Y Т! à 


C 
Ез= 3۷ 1, 
Fig. 12 
From НЕ АВС, 
6 = (п + 2)х4 = (1) 
From FExGBCEsD, 
(3 —2) = bx2 + + x4 + X3 a 
E 1=4h+ 9P ( 
From Eqs. (1) and (2), we get 
n-24-25A 


The negative sign of 7» indicates that Fisata higher potential than G. 
P. Potential difference between Fand G m ax1=2V 
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The energy developed by the Potential difference is given by 


= > * (5x 10-6) x (2)? 


= 10-5J 
Current is Ra = 5 = л + p 


Ans. 7 


SAWAARATRATWAATRTVWATAANAAAAAAAY 


kh— x —_, N 
Fig. 13 


Flux at time / is given by $= B-d-x 


_% 
Induced e.m.f, = di 


dx 
= -Ba (2) 


Total resistance = R -+ 2x-A 


Bd dx 
Induced current = RFN a I(constant) 
: dx _ IR + 2x2) (1) 
И а © Bd 


(i) Differentiation gives the velocity of the rod as 


xd T dx 
aE TBI Ar 
Substituting the value of С from Ед. (1), we get 


a= Loy КЁ + 2х0) 
Ba Bd 


- (2) :2X(R + 2x2) 


A 


App lied force is given by 


E 
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Therefore, first image will appear to be formed on the left of P; (Fig. 14) at 
a distance of 0.6 cm 


Ao pm 1 
E 157 (0.2) 


о = —0.5cm 

Thus, final image is formed at a distance of 0.5 cm оп the left of Po, i.e. at 
a distance of 0.1 cm to the left of Р, (Fig. 14). 

(ii) The ray diagram is shown in Fig. 14. 


Ans. 9 
(i) For centripetal force, we have 
K(3e)e _ (208m)? . (9 
г? т 
For angular momentum, we have 
(208m)onrn = т Q 
Substituting the value of v, from (2) in (1), 
K(3ee 208m (OUO. За 
rà Ta 4т2у20208т)2 
This gives the radius of ће nth Bohr orbit 
ree mh 
of 477. k3e2- (208m) 


«n (6.625 x 10734)? 
4тх9х 10x 3(1.6x 107192 x 208 x 9.1 x 10-3! 


= т x 8,426 x 1074 m 


- ee S a n mr" ee ee 
"————— — —— RS 
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(ii) The first hydrogen orbit has a radius of 0.51х 107!? т. To find the 
value of n for which the radius of the orbit is approximetly the same as that 
of the first Bohr orbit for the hydrogen atom, we can write 


n2 x 8.426 x 10714 = 0,51 x 10-10 


_ 0.55 x 10710 
or n = 3.426 10-15 
E n — 24.6 ; 
As п can be a whole number, 
therefore n = 25 

(ii) в, = — G2! + Зай 
Th 2 
_ _ же е К 


Я, Tn 2 та 208 


416 Tn 


_ _ 41523 pea ا‎ (202m) 
77416 L7 
x d x 3735 
En — Ба TEE (z - - 1 
or № Ime x3 32 
or L — time 53135 3-7) 


1 1] 
== RX 3735 E 7) 


(When R is the Rydberg constant, 1.97% 10" m?) 
For the jump from the third to the first orbit, 


p^ 
lc 1.097% 107% ns 4) 


8 
= 1,079 10x 3735 X 5. 


= 3582x 107 m! 
or ۸ = 2.792х 107! m 
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PART B 
Ans. 10 - 
(i) (D) Let the maximum velocity be aw 

Now awi = Ф202 

= a 4 
or dii = ai (i) 
Also T= = = 2r y И 

27 _ 4, |M 
or “ges га 

жа И 

mum ka 

ә [ki 

ES (ii) 
From (i) and (ii), 

a jk 

a2 ky 

Gi) (B) 
Fig. 15 
v = 5 km/h, Е а i imph 
15 min 
u=? 
R? = u? + y? — wy cos 0 @ 
_ у usin 0 
ee u + v cos 0 
or и tvcos0 =0 (. B= 90°) (i) 
From (i) and (ii), 
Raw +2 + u(— a) = 2 — 42 

z (д? = (5)2 — 2 
H 0 = (52 — (дә = 9 


и = 3 km/h 
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(iii) (C) yı = a cos (kx — ot) 
yr 
For the superposition of yı оп у> to form a stationary wave, уз should move 
inthe (— x) direction. Choices (B) and (D) are ruled out. Also, since it is 
difficult to combine a cos wave with a sin wave, choice (A) is also not possi- 
ble. (C) is, therefore, the correct choice. 


у = acos (kx — wt) — a cos (kx + ot) 
= a[cos (kx — wt) — cos (kx + of)] 
= a[2 sin (kx) sin (wt)] 

— A sin ot 


where amplitude А = 2a sin kx; A = 0 at x = 0. Thus there is a node at 
X = 0 as desired in choice (C). 
(iv) (C) У = 5/3, У: = 7/5 


Ratio ofthe two gases — 1:1 


(5/3) + (1/5) 25 21.0: 46 _ |, 
Pe S 1 : 


Resultant — 30 


(у) (C) Intensity « (Amplitude)? 

Suppose nz 

Thus Dh = 41 = КОА)? 

- The amplitudes of the two combining beams are 4 and 24 respectively. 
Ап = 24 + А — 34 | 
Amin = 24 — A = A 

Imax = kA)? = 9КА° 


Tmin RAE Р 1 
Imi; 9A? 829; 
Imin kA? 1 "S 


JT (vi) (D) Copper isa good conductor while germanium is a semiconductor. 
On Cooling, the resistance of copper decreases while that of germanium 
Increases, 
- Ans. 11 End 

-. ()(B) Suppose the volume of homogeneous ‘sphere is V. It floats жн 
Immersed in mercury and half in ой. The weight of mercury displaced wi 
Act upwards while weight of oil displaced will act downwards. 


" 
racy ROW 


y E. 
Resultant upthrust = => Х 13.6X8 — 7 X0,8xg 


V { re 
( = — X12 
А z «128 g 


This must be equal to the weight of the sphere: ^ а 


“Ait 
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Thus, 


$x 128X¢ = Vxdxg 


(where d is the density of the sphere) і 
ог & = 6.4 g/cm? 3 
(ii) (B) For organ pipe Р, closed at one end, the fundamental note 
= 5 (where / is the length of P;) 


Higher nodes = 3:5:7, etc. 


For organ pipe P; open at both ends, fundamental note =z ; (where h 
is the length of P2) | 


Higher nodes = 2:3:4: 5, etc. 


First harmonic of P, = ze 

4h 

Third harmonic of P2 = E: 

For resonan 36 mite 

Be aii 2b 

i 3 

or Eu» 
` h 8 


(iii) (©) Heat flowing per second across the cylinder of radius Ris 
given by 


Ki xX 7R? x ча — 62) @_ 


where 0; and 6, are the ا‎ maa at the two ends (6, > 02) and x is the 
distance between them 


Heat flowing per second across the cylinderical shell of outer radius | 
2R is given by 


Кух a[(2R)? — R2x (0, — 02) (i) | 
SES TIER) — R[x (0; — 62) ү 
i › x 
Total heat flowing per second 
> Fieri d = t) p KX 2R)? — 2k (61 — 62) 


=O) ъд | + 3R°R2) ш 


total heat olk per second across the system is given by 
Ka(2R)?x (6; — 03) 2 (iv) 
x 


| Where К is the equivalent thermal conductivity of the system. 


Also, 


J А " 


1 


nterin 


S t e ed ; EN i yotenti: 
‘tis clear that the minimum wa Ron RR 
ence is increased. — 1 ye 
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In one half life (i.e, 2 h), intensity is са 32 times the safe level, 


Therefore, in six half-lives (i.e. 2X 6 = 12 h), the intensity reaches the 
safe level. 


(viii) (B), (D) 


P — type semiconductors are obtained by adding trivalent impurities to 
Pure silicon, 
Ans. 12 
() — 3 in mass, — 2 in length, + 4 in time and + 4 in charge 
X = 3ү72 
Dimensions of Y = [C] = a 
рх. О 

[Energy/charge] 

.QxQ 

= MLT 


= M^! L-2 T+2 о? 
Dimensions of Z = [В] = [Р] 


MLT-2 
ПОРИ Mito" 
Mia: Ва 
Dimensions of Y= ZE 
M-'!L-27+29+2 
= gS 
= M=3L~2THo+4 


00 2 [S an + мэ» 
oe 
m 
Earth Moon 
ar М.Б 
n Mi, Ry i 
4 k— g 
Fig. 16 


шош Potential energy due to the earth 
aes GM, m — _ 2GMim 
aan d 
ue to the moon 


= — GMm _ 26Мт 
d2 - d 


Gravitational Potential energy d 
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Total potential energy due to both the earth and the moon 
_ 2Gm (Mi + M2) 
d 


Total potential energy at infinity = 0 
‘ 
Difference ЫЕ z2GM uf к мә] 


- (м, ee cn ol 
This much work is to be done to shift the particle to infinity. For this, the 
particle should have the velocity 2 given by the relation 


Im = Ж" (м + M2) 


m v= 2 [S + Ma) 


(ii) м, МЕ 
° A M à 6m) 
Initial moment of inertia of the rod about the axis of rotation 


мі? à 
p 
Initial angular velocity = wo 
ML? 
Kinetic energy of rotation = 5 T2 X at 
TN ML?0 
uU 


Final moment of inertia when the beads reach the ends of rod 
= мр +2%mx (4) 
"m Щ 
— ae 
If the final angular velocity is x, the pon 


2 
IUE ME 
From the law of conservation of ET 


2 2w 
Iu. mL = 
2\ 12 


kinetic energy of rotation will be 
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on tal ДЕД 
TP M. M бт) 


(iv) = МЕЗА а? 
X = А cos (wt) discribes a simple harmonic motion 
Maximum acceleration = Aw? 
Maximum angular acceleration = К. 4of 
Maximum torque acting on the cylinder during its motion 
= JR: Aw? 


= (Zum )- аел 
P SMR Au? 


Mg 
W JAK 


Downward force due to mass M = Mg 
Downward pressure = МЕ 


From Pascal’s law, the Pressure of the liquid is transmitted equally in all 


directions. Therefore, excess Pressure on the surface = Mg 


j 8P 
Bulk xe 
ulk modulus K 7T 


3 IR — (R = аку] 
E E S 


fe 


à 


Se So 2 X x 107! І iy 


f coll 
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Net field (outward) at the centre C 


- (>) 
4 
(ix) 23.6 Mev 
Total binding energy of one deuteron (1H?) nucleus 
= 2x1.1 = 2.2 Mev 
Total binding energy of one helium (He) nucleus = 4x 7.0 = 28.0 MeV 
'. Energy released when two deuterons fuse to form a helium nucleus 
= 28.0 — (2x 2.2) = 23.6 MeV 
(x) In the forward bias arrangement of a P-n junction rectifier, the p end 
is connected to the positive terminal of the battery and the direction of the 
Current is from P-part to n-part in the rectifier, 
Ans. 13 (i) False E = (Ко) AT4 
Where E is the energy radiated Per second, K is relative emissivity, © is 


Stefan’s constant, 4 in the area of the body and T is the temperature in 
kelvin. - 


Energy radiated Per second by first sphere 
= Ei = (Ko) 4r (1)? x (4000)* = (Ke) 10247 x 1012 
Energy radiated Per second by the Second sphere 
= Fa (Ko) 47 (492 x (2090) = (Ко) 10247 x 1012 
Ei = Е, 


Statement is false, Energy radiated by the first sphere is equal to ‘that by 
the Second sphere, 


(ii) True 


k— R | 


БОЛЕ << Figg 
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The force on A is inversely proportional to the distance OA, So it is 
not a case of simple harmonic motion. The given statement in false, 


| Qd E 

(iv) True FT T m 
EE ds 
= 7357 30 NON 

or = — 30cm 


Thus, the combination acts as a diverging system. As the deviation for 
violet is always more than that for red, one will see coloured patterns with 
violet colour at the outer edge. The statement is true. 


CHEMISTRY 


PARTA 


Ans, 1 f 
(a) Amount of water in syrup = 214.2 — 34.2 


= 180.0 g 


3 .2 x 1000 
(i) ~. Molal concentration = = 0.556 


(.`. mol. wt. of EHO: = 144 + 22 + 176 = 342) 


^ 3 34.2/342 
OA fae 
(ii) Mole fraction (34.2/342) + (180/ 18) 


(^. mol. wt. of HO = 2 + 16 = 18) 


(b) (i) The colour of HgzClz changes from white to black when treated 
with ammonia due to the formation of metallic mercury. 


нр:Сь + 2NH; > НЕ(МНЭСІ + Hg + NH4CI 


(ii) Unlike in formic acid, formate ion is а resonance hybrid of two 


equivalent structures having equal bond lengths. ! Ж у 
(iii) In contrast to oxygen, the octet Са be expanded in sulphur using 
d orbitals. j- › 
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2p i 
Oxygen atom 2s No d-orbitals. 
in ground state, 0 Excitation not easy. 


3s 3p 3d Two unpaired electrons 


Sulphur atom : tron: 
in ground state. ® OOOO Eun x an oxidation 


Four unpaired electrons 


Sulphur atom in ‘tron 
first excitation @ 000 020090) account for an oxidation 


state. state of +4 


Sulphur atom in Six unpaired electrons 


second excitation 0 00000, account for an oxidation 
secon OOD 


State of + 6 


Various oxidation states exhibited 
by sulphur 
Fig. 19 


i 
Poon Che CH, 


ў CH;MgBr 
(d) (i) H,C-CHO Ж? CH3—CH—CH; 


(c) 


OMgBr 
H20 
OH 


| 
HC Dir Rh 


H 


PICT 
(ii) CHCOOH —> CICH2COOH , 


excess as 


NH2CH2COOH 
1 base catalyst p 
i) 2CH3CCH3 — ~~ CH3—C—CH2COCH; 
он 
, | acia Catalyst 
ic nes 


©нз—С=сн—-сосн, 


ions at the positive electrode be x 


Ез = E? + 0.0591 log x 


: 
|) 
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SOH OH 
| NaOH followed | 
О —— E > 
by H* 
| CHCL/NaOH 
Wen 
Cr 
E, = E? + 0.0591 log 10-6 
4 


Ans. 2 
(a) Let the concentration of the H* 
Е, — Е = 0.0591 (log x = log 1079) 
0.118 — 0.0591 (log x — log 10-6), 


mol 1йге^!, 
or x = 10^ 


Concentration of H+ ions = 104 mol litre"! 
(b) N20, = 2NO2 
Let « be the degree of dissociation at equilibrium, 
_ Q9 
= 1а) 
(i) At 37°С and 1 atm pressure, 
_ 0.5/1.25 _ 9,267 
к, = @ 7512) 7 94 
i 3 _ Dot + a) x 0.17 
(i) к, = 0.267 = тү ay + AXO 


а = £0.65 at 0.1 atm. and at 37°C 


This gives 
N20; is, therefore, 65% dissociated. 
(с) [H+] = 10-78 3 
= 10-85 = 32x10? mol litre"! 
HCN = H* 4 CNT 
[H+ [CN _ 41x 10719. (given) 


Kaiss = [HCN] 
AN [CNT] T. 41x 10-19 = 0, 128 
| [HCN] — 32x10? 2 
ш [HCN] be x. 
X [CN-] = 0.01 — x 
ICN] _ (0.01 — х) — 9.128 
[HCN] x 


ot x = 0.0089 


Gram-mole of НСІ required = 0.0089 
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Ans. 3 
(a) Hydrated metallic salt 4 
(light green colour) 


careful heating 
White anhydrous Tesidue B 
f (soluble in water) 
| [No 


Dark brown compound C 
Strong heating 
Brown residue D + EFF? 
(mixture of gases) 
mixture of gases) 
| 
| acidified acidified 
KMnO, Васі 


Pink colour discharged White ppt. 


The sequence of Teactions shows: 


А = FeSO-nH;0 ог FeSO,-7H;O 
В = FeSO, 


С = FeS0,-NO ог [Fe(H20);NO]so, 
D = Fe20; 
Е = 80, 
Е = SO; 
(Ь) For first order Teaction, 
k= 0.693/t1/2 
Reaction rate constant at 27°С, 


kı = 0.693/30 


= 0.0231 min-! 
Reaction rate constant at 47°C, 


k2 = 0.693/10 
= 0.0693 min-! 


ts, 


2i —E Т» — Т, 
І = = 
log А/К 2303xR ( ) 
оаа Tear ЧИ 
0.0693 = БЕЛЕТ ЕГ | 320 x 300 ) 


~0477 = —_ —E — 4320 — 399 
| RE e qj xara 320-308 ) 
This gives E = 43.839 kj mol-! A н 


(c) No. of moles of Н reacted = 272 = 3.0 


log 


N 


of coulombs 


ent produced 


leat evolved (fuel value) per 


200 


= 
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(ii) 4P + 10HNO; + НО > 4H3PO, + SNO + 5N202 
(iv) NaCl + NH4OH + CO; > NaHCO; + NH4CI 


Ans. 5 


(a) (i) Baeyer’s unsaturation test with KMnO, solution: Cyclohexene will 
decolorise KMnO; solution while cyclohexene will not. 


Or 


Bromine-water test: Cyclohexene will decolorise bromine-water while 


cyclohexane will not. 


(ii) Hinsberg test: Ethylamine reacts with benzene sul phony] chloride to 
form an alkali soluble product whereas diethylamine reacts with benzene 
sulphonyl chloride to form an alkali insoluble product. 


(b) Empirical formula of A 


C 49.32 49.32/12 = 4.11 
Н 9.59 9.59/1 = 9,59 
N 19.18 19.18/14 = 1.37 
О 21.91 21.91/16 = 1.37 


Gram atom ratio 


4.11/1.37 = 3 
9.59/1.37 = 7 
1.37/1.37 = 1 
1.37/1.37 = 1 


Therefore, the empirical formula of A is CH; NO 


NaOH 
CHNO —> NH; 4 + Salt 


(A) 


Ht 


Nitrogen free acid 
(B) 


Since A gives NH; on boiling with NaOH, it may be an amide. 


The silver salt of B contains 59.67% Ag 


| j .. _ 100x108 
Equivalent weight of acid = 75967 - 


= 74 
Mol. wt. of the monobasic acid = 74x] 
= 74 
Mol. formula of acid = C3H6O2 
Mol. formula of amide = C;H;NO 


7533107. 


the structure of amide (A) is C?Hs— C— NH and 
І 


that of acid (В) is 


о 


о 


Cae OR 
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catalytic 
— > CH3;—CH—CH2—CH3 
hydrogenation 


(с) Hydrocarbon A (CsHio) 


СН; 
| НВ, 2—Methyl butane 
Ag(OH) 
B ———> C, CsHn0, alcohol 
oxidation 
D, ketone 


Hydrogenation of A (CsHio) gives 2-methyl butane. Hence A should contain 


one double bond. The possible double bond isomers for A are: 
н 


| 
HxC=C—CH2—CH; | H;C—-C-CH—CHs Br Geren. 


| n 
CH; СН; CH; 
(i) (ii) (iii) 
Since the alcohol C on oxidation gives a ketone, it must be a secondary 
alcohol. Therefore, the corresponding bromide B should also be a secondary 
bromide. Since a secondary bromide is formed by the addition of HBr 
according to Markownikoff’s rule, it can arise only from structure (iii). 


Therefore, 2 
Ais CH;—CH—CH = CH2 
CH3 
Bis cuc 
CH; Br. 
C is E E. 
CH; OH 
D is CH OU 
СН; о Iu 


Reactions involved аге; 
H 
CH;—CH—CH = CH; — CHESS U! 


CH; rud- CH; 
(D. |нвт +. 
АКОН) - I we 
CH,—cH—cH—cH =—> ÇH CH- CH- CH 
| | 
CH; B CH; OH 
B (©) 
oxidation 
er aa a 
CH; O 
З (р) 
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PART B 
Ans. 6 
ФАЛ tne (iii) B (iv) С 
(v) A (vi) C (vii) D (viii) A 
(ix) A (x) B (xi) C (xii) B 
(xiii) D (xiv) A (xv) D (xvi) A 
(xvii) D (xviii) B (xix) B (xx) B 
Ans, 7 
@ (B,C (ii) B, D (iii) B,C 
(iv) A, D (у) A, В, C, D 


(b (i) Heisenberg, de Broglie 
(ii) sintering, smelting 
(iii) non-superimposable, enantiomers 
(iv) FeSO,- 7H20, ZnSO,-7H20 
(v) Hypobromous, bromite 


Ans. 8 


(i) Animal charcoal/C, Ca3(POs)2/sugar refining 
Invar/Fe, Ni/watch spring 
Nichrome/Co, Ni/heating element 
Rydberg/cm-!/109677 
Stainless steel/Fe, Cr, Ni, C/cutlery 
Boltzmann/kJ deg-!/1.3805 x 10-26 

(ii) Friedel-Crafts/Lewis acid/anhydrous AICI; 
Fermentation/yeast/ethanol 
Dehydrohalogenation/alcoholic alkali/alkenes 
Sandmeyer/cuprous chloride/chlorobenzene 
Saponification/oil/soap 


Ans. 9 


(a) (i HOCI < HOCIO < HOCIO; < HOCIO; 
(ii) isobutane < n-butane < n-butyl chloride < n-butanol 
(iii) F2 < Ch < 02 < № 
(iv) chlorobenze < benzene < toluene < methoxybenzene 
(у) SiO2 < CO, < N20; < SO; 
(vi) aniline < N-methylaniline < methylaniline < dimethylaniline 


() (i) C 
(ii) C 


E 
PONS 


We have cot? 


Similarly, cot 2# ‚= i i nah 
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Ans. 


Ans, 


Suppose д b. cane the position vectors of 4, Band C respectively 


> > > 
W.r.t. Oso that c = a + b, 
Suppose BD and CO divide each other in the ratio m :1 andn:1, 
Equating the position vectors of the point of intersection 


RAM 
eR ce de no +e 
mg un ДЕ 
ne > 
EO cz 
ү mci n+l 
1 1 1 
Ў т FD = dg = ут 
=> т=п=2 
Hance, the required ratio is 2 : 1 
04 х2 + 4х 4-32 0 (0 
then the given equation is 
х + 6x +8 = 0 
> i Or 
But only x = — 4 satisfies (i) 
Teas: 2 4х 4.30 @) 
then the given equation is 
?.+2х—2=—0 
= MS bh V3: ног х=—1+\/з3 
But only х= р. V3 satisfies (ii) 
Hexe х= = Gor x = 1 V3 is the required 
Solution. 


The point of intersection of Lı and Lo is 
| (E EDO o] = а) 
am — bl' am — bi 
_ bl — am i) 
and pes al + bm : 
Let т! be the slope of the required line, then 


tan à = im a t 5 (ii) 
b — am 
Equating (i) and (ii) we get 


Dom 
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(bl — am) (b — ат) = (bm! + a) (al + bm) 
, _ (a — b1 + 2abm 
p m = (2 — Б)т = 2abl 
So the equation of the required line is 


excl a (a? — b?)] + 2abm ET bn — cm 
У аты (а — P)m — 2abl am — bl, 


Ans, 5. 
S = x+y? + 2gx +21у+С=0 


peat 
о L 
Fig. 21 


Let LM be the chord of the circle S = 0 which subtends a right 
angle at О and (h, К) be the foot of the perpendicular from O on 
this chord. Then equation of LM is 


e-0‏ د دمر 
or hk + ky = +‏ 


Joint equation of the lines OL and OM is, therefore 


hx + hx + ky x+y = 
wth + oy REE DH rre 


Since OL | OM, 


Xgh tJ) рс) = 
24+ ee tC qn gh © 


so that the locus of (/t, k) is 
x + عر‎ + ах Ју + <=0 


x + у? + 20% 


. 6, 
Дх = f Di — 1) (¢ D+ 3EZ 1)2 (t — 2» dt 


>  fQ)-2x—0(—2 3x ША 2) 
= (x — 1) (х — 2? Gx = 7) 
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Now f(xy) = 0 = х = 1,2,7 
Again f" (x) = (х — 2)? (5x — 7) + X(x — I) (x = 2) (5x —1) 
+ S(x — 1) (x — 2)? 
700) =-—-2<0 
f"(2) = 0 


ч К АА 7 
Hence f(x) is maximum at x = 1, minimum at x = 5 


but neither maximum nor minimum at x = 2. 
Aus. 7. 


Equation of the curve is y — tan x 
dy ud i 
dx At x = 7/4) = 2 


The equation of the tangent at P is 


»-122(s- 1) 


Required area Ц = Аг, ОАР 
= Ar. ОРО — Ar. APO 
7/4 1 
zii tan xdx — > AQ-PQ 
0 
= log4/2— zx 
4 
Ans. 8. 


1 
= |, os tv Ts +V14 x] dx 


= xlog[/1—x +V1+x] 
0 


angle triangle ОДМ 
LIM = у 
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Therefore area of the A ABC 


= { base X height 
= BDXx 
= Vi? cot? a — d? (d tan B — h) 
Ans. 10. 
Let us consider 5 y 5-— 11 = E 
then f h = (5V5 — П) <1 
> 6V3 + 11*1 — (5V5 — 1)! = А — А 
= [8] +f =f 
L.H.S. being clearly an integer, R.H.S must also be an integer. 
so that Rf = (5V3 + М)! (5V 5 — 11)! 
= net 
Ans, 11. 
(i) Flase (ii) True (iii) True (iv) True 
Ans, 12. 
AC üD üD (WA (WC (v)C (vi) D (viii) D 
Ans. 13. 
@) B,D (i) A,C (iii) A, C (iv) A,B,C (0A B,C 
| Апз. 14. ў 
av „1 (ii) о 
>> » >> d 
(iii) =— = Pre e (iv) (a2 + b3) (122 +1220 
[bp [р 
2 
(у) тар (vi) 35 
wid) ( — -$ 13), (5 ا‎ 2) 
(viii) 4 (ix)2 — V2 


(x) 32/55 Ў 


Ne 
ij. 
ү 


PHYSICS 


PART A 


А-1 
Choose the correct alternative from the following: 
A bomb dropped from an aeroplane explodes in air. Its total 
(а) momentum increases 
(b) momentum decreases 
(c) kinetic energy increases 
(d) kinetic energy decreases 
A-2 i 
Which of the following pairs do not have identical dimensions? 
(a) work and pressure energy j 
(D) angular momentum and Planck's constant 
(c) pressure and stress 
(d) moment of a force and momentum 
A-3 | 
The dimensional formula for Planck’s constant is: 
(а) ML?T-! 
(b ML?T-? 
(с) ML-T- 
(d) ML?T- 
A-4 : ү | 
Choose the physical quantity that is different from the others: 
(a) moment of inertia 
(b) electric current 
(c) pressure energy 
(d) rate of change of velocity 
A-5 
Of the following gases, velocity of sound at 30°C will be least through: 


(a) Na E 
(b) O2 
(с) SO» 
(d) CO; 
A-6 
If the earth (radius R) stops rotating 
equator will: 
(a) decreases by wR 
(b) increase by w*R 
(c) remain the same 
(d) increase by wR 4 


#1 


about its axis, the value of g at the 


mr 
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A-7 
A pipe closed at one end and open at the other will give: 
(a) all the harmonics 
(b) all even harmonics 
(c) all odd harmonics 
(d) none of the harmonics 
A-8 


A red postage stamp when viewed in green light appears: 
(a) nearly black 

(b) fully green 

(c) blue 

(d) none of these is correct 


A-9 


In a dc generator, the current in the armature is: 
(a) dc 
(b) pulsating dc 
(c) ac 
(d) none of these is correct 
A-10 
Choose the incorrect relationship: 
(a) 1 MeV=931 ати: 
(b) 1kWh=3.6 x 106 J 
(c) Fr V5 1J/C 
(d) 1 dyne- 10-5 № 
A-11 


A copper disc with a hole at its centre is uniformly heated so as to pró- 
duce 100 C rise in temperature. The diameter of the hole will: 

(a) increase 

(b) decrease 

(c) remain unchanged 

(d) sufficient data not given 
A-12 . 

The time period of a simple pendulum is T's when the experiment is per- 
formed inside a Stationary lift. If the lift accelerates upwards with an 
acceleration of g/8, then the period of the simple pendulum will: 

(a) decrease 


(b) increase 

(c) remain the same 

(d) first increase and then decrease 
A-13 

If you float in water with just your nose out, the average density of your 
body must be: 

(a) same ds that of the water 

(b) greater than that of the water 


(c) less than that of the wat 
(d) infinity es 
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A14 ; 
At what temperature, pressure remaining constant, will the root mean 
square velocity of a gas be half of its value at 0°C? | 
(a) —204°С 
(b) —273°C 
(с) 0°С 
(4) 32°С 
А-15 
X-rays do not show! 
(a) reflection and refraction 
(b) polarisation 
(c) diffraction 
(d) longitudinal character 
A-16 M 
An air bubble in water shines because of the phenomenon of: . 
(a) dispersion T 
(b) diffraction 
(c) reflection 
(d) total internal reflection 
А17 
_ If the momentum of a body increases by 20%, t 
its К.Е is equal to: 
(a) 44 
(b) 66 
(c) 88 
(4) 20 
A-18 


he percentage increase in 


A body goes from A to B with a velocity of 40 m/s and returns to A with 
ole journey 1s: 


а velocity of 60 m/s. The average velocity for the whi 
(a) zero 
(6) 50 m/s $c] 
(c) 48 m/s M 
(d) none of these TE A 
А-19 
The shortest wavelength emitted from an X- 


(а) the current in the tube 

(b) the voltage applied to the tube 

(c) the nature of the gas in the tube S 

(d) the atomic number" of the target material- 
А20 
_ If the elements with principal quantum number n > тае аа оны, 
in nature, the number of possible elements would be: i 


(a) 60 
(b) 32 
(c) 4 
(d) 64 


ray tube depends upon: 
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A-21 
. The dimensional formula for the modulus of rigidity is: 
(а) ML-T 
(b) ML-T? 
(c) ML-T- 
(d) МІ?Т-2 
A-22 
When a spiral spring is stretched by a weight attached to it, the strain is: 
(a) tensile 
(b) shear 


(c) bulk 
(d) all the above 


A-23 j 
The dimensions of electromotive force in terms of charge Q are: 
(a) ML?T-2Q-1 | 


If a graph is plotted taking temperature in °C along the Y-axisand in °F 
along the X-axis, which of the graphs in Fig. 1 is approximately correct? 


ке 
ے‎ O0. 


——=є 
(А) (В) 


Fig. 1 
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A-25 
The threshold wavelength for photoelectric emission from a material is 
5200 A. Photoelectrons will be emitted when this material is illuminated 
with monochromatic radiation from a: 
(a) 50 W infrared lamp 
(b) 10 W infrared lamp 
(c) 1 W infrared lamp 
(4) 50 W ultraviolet lamp 
A-26 
An alpha particle of energy 5 Me V is scattered through 180° by a fixed 
uranium nucleus. The distance of closest approach is of the order of: 


(c) 10713 cm 
(d) 10716 cm 
A27 
B-rays emitted from a radioactive material are: 
(a) electromagnetic radiations 
(b) the electrons orbiting around the nucleus 
(c) charged particles emitted by the nucleus 
(d) neutral particles i 
A-28 
What is the number of alpha particles and B 
Tadioactive decay? 


-rays emitted in the following 


990X200 p so Y 168 
(a) 8 and 6 
(b) 6 and 8 
(c) 8 and 8 
(d) 6 and 6 
A-29 


of ee half-life of radon is 3.8 days, The time at the end of which (1/20) 
the radon sample will remain undecayed is (log e=0.4343). 
(a) 3.8 days 
b) 36 days 
(c) 16.5 days 
(d) 20 days 
A-30 
if D е plate resistance of a triode is 3 k 2. What is its mutual conductance 
S amplification factor is 45? 
(а) 1,5 A v-1 
(b) 1.5x 10-2 A y-1 
(c) 15x 10-3 A ya 
(d) 1.5x 102 A y-1 
A-31 


The number of electrons in one coulomb of charge is: 
(a) 6.25 x 1018 
b) 6.25 x 1020 
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(c) 1.6 x 1019 

(d) 1.6 x 1020 
A-32 

A wire has a resistance of 10 2. What will be its resistance if it is 
stretched by one-tenth of its original length? 


(2) 12.1 Q 
(b) 14.22 
(c) 10 Q 

(d) 10.1 2 


A-33 i 2n. 

, What is current i in the circuit in | 

ig. 2. зу 2n. 2n 

(a) 2A 5 

(b ТА 

(с) 0.5 А a 

(d) 1.2 A 
A-34 

The letter A is constructed with a uniform wire of resistance 1 Q per cm. 
The sides of the letter are 20 cm long and thescross-piece in the middle is 


10 cm long while the apex angle is 60° The resistance of the letter between 
the sides of the legs is: 


(а) =Q 
(b 602 
(< =4 


(d) 209 
A-35 


In an earth-satellite ап astronaut weighing 80 kg on earth stands ona 
platform, „with a spring balance. His Weight as indicated by the spring 
balance will be: 

(a) 80 kg 

(b) 60 kg 

(c) 40 kg 

(d) zero 
A-36 


Fig. 2 


A hollow metal sphere is filled with water and is hung by a long thread. 
It is then made to oscillate. If water slowly flows through a small hole in the 
bottom, how will the Period of oscillation be affected? 
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A-37 

Two pieces of wire are made of the same material. Their lengths are in 
the ratio 1:2 and diameters in the ratio 2:1. If they are stretched by the 
same force, their respective elongations will be in the ratio of: 


(a) 2:1 

(p) 1:2 

(c) 1:8 

(d) 8:1 
A-38 
A sphere is suspended by а thread of length I. What is the minimum 
horizontal velocity which should be imparted to the ball so that it reaches 
the height of suspension? = 


(a) Val 

(b) 2g! 

(с) 281 

(d) gl 
А-39 ү 

The escape velocity for а body projected vertically upwards from the sur- 
face of the earth is 11.2 km/s. If the body is projected in а direction mak- 
ing an angle of 45° with the vertical, the escape velocity will be: 


1 

V2: 
(b) 11.2x 4/2. km/s 

: (c) 11.2x 2 km/s 

| (d) 11.2 km/s 

A«40 


(a) 11.2x km/s 


| In van der Waals’ equation 


| i Nm‘, m? 

| b) Nm$, m? 

l ш) Nm?, m? ^ 
| d) Nm-?, m? j 
Аа 


| If 10 g of ice at 0°C are mixed with 10 
temperature fis piven by: 
H 10 x 80+ 10(1 — 0) = 10(10 —#) 
) 10x 10 = 10(10— 0) + 10(1 — 0) 
(c) t=5°C 
‚ (d) t=0°C 
АФ 
7 Which of the following methods will increase the volume of an ideal gas 
to four times its original value? (Absolute temperature 18 PP 


(a) double the temperature and double the pressure 
( ) halve the temperature, double the pressure 
" quarter the temperature at constant pressure 

- (d) quarter the pressure at constant temperature 


(ғ rav- b)= RT, the units ofa and b are 


g of water at 10°C, then the final 


|. 
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A-43 
Which of the following cylindrical rods will conduct maximum heat when| 
their ends are maintained at the same steady temperatures? 


(a) length 100 cm, radius 1 ст ' (c) length 200 cm, radius 2 cm 
(b) length 200 cm, radius 1 cm (d) length 100 cm, radius 2 cm 
A-44 


How will an image produced by a lens change if half the lens is wrapped 
in black paper? \ 

(a) there will be no effect 

(b) the size of the image will be reduced to one half 

(c) the image will disappear 

(d) the brightness of the image will be reduced 
A-45 


How much time will light take to travel through a glass slab 1072 m thick 
of ш equal to 1.3? 


(a) 4310-1 ¢ (b) P3 yao ; 
(с) x10 3108 X 
E i3 
A-46 


A double convex lens of refractive index 1.5 has its focal length equal to 
10 cm in air. When immersed in water of refractive index 4/3, its focal 
length will be: 


(a) 20 cm (b) 30 cm 
(c) 40 cm (d) infinite 
A-47 


The graph. between the object.distance along x-axis and image distance 
along y-axis for a convex lens is: 


(a) a straight line (b) a circle 
(c) a parabola (4) a rectangular hyperbola 
A-48 


A lens forms a sharp image on a screen. On inserting a parallel-sided 
slab of glass between the lens and the Screen, it is found necessary to move 
the screen à distance d away from the lens in order to focus the image 
sharply. If the refractive index of glass relative to airis w; then the thickness 
of the glass slab is given by: 


(а) dju (b) ud 
ud —1)4 
© (4-1) (a) cms 
A-49 | 
The photoelectric effect proves that: 


(a) light travels in the form of quanta 

@ light travels in the form of transverse waves 
с) light travels in the form of waves 

(4) velocity of light is infinite 
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A-50 
When a monochromatic light wave enters from one medium into another 
which one of the following properties of the incident light remains un- 


- changed? 


(a) amplitude (b) velocity - 
(с) wavelength (d) frequency 
А-51 
А double convex air bubble in water will act like a: 
(a) convex lens (b) concave lens 
(c) plane slab (d) concave mirror 


ET, 
If there were no atmosphere, the duration of the day on the earth will: 
(a) decrease (b) increase 
(c) remain the same (d) depend upon the weather 

A53 
- A доне condenser is charged to 400 V and then its plates are joined 
through a resistance. Heat produced in the resistance is: 


(a) 0.64 J (b) 0.32 J 
(c) 0.16 J (d) 1.28 J 
А-54 
P and О are two concentric metal spheres. P is positively char 
tarthed as shown in Fig. 3. Then a 
(a) the charge density on О is same 
ason P 
(b) the electric field between P and 
О is uniform 
(c) the electric potential inside P 
is zero 
(d) the electric field outside O is 
Zero 7 Fig. 3 
А-55 
If one of the two slits of a standard Young’s double slit interference ех- 
Mond di painted so that it transmits half the light intensity as the 
It, 


(a) the frin il di 
ige system will disappear altogether 3 К 
e bright fringes will bean brighter and dark fringes will become 


er 
A both the dark and bright fringes will become darker 
ү the dark fringes will be brighter and the bright fringes darker. 
The distance b í t s 
etween the object and its real image formed by a convex 
lens of focal length f cannot be: i 


la) 
9 than aa 27 QUEM 


ged and Q 
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A-57 


If the cover of a book looks red when seen through a piece of red glass, 
then the cover must be: 


(a) red colour (b) red or white 
< (с) white (d) green 
A-58 


The wavelength of light from a given sovrce in air is found to be 
6 x 1075 cm. What will be wavelength of ‘this light in water of refractive 
index 4/3? 

(а) 6 x 10-5 cm (b) 8.0x 10-5 cm 

(c) 4.5x 1075 cm (d) 2.25 x 1075 cm 
A-59 

Five resistances are connected. as 
shown in Fig. 4. The equivalent 
resistance between the points A 3n 
and B is: 50 

(a) 10 Q 

(b) 15 @ paw à 

(с) 52 

(d) 1.5 2 
A-60 


Five resistances are connected as shown in Fig. 5. What is the effective 
resistance between the points А and В? 


(a) 152 (b) 10 Q 
© 129 a 20 


C 70 D 


Fig. 4 


к din 


3 ED "^ Fig. 5 
А О А-61 
i _ „Two waves, each of amplitude 1 


aves, сас :5 mm and frequency 10 Hz, are travelling 
in opposite directions with veloci 


2 E H : bet- 
ween adjacent needs is ty 20 mm 5-1, The distance in mm 
(a) 1.0 
(c) 1.5 (b) 1.2 


(d) 2.0 
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A6 
A steel piano w 
` with a tension of 8 
mode is: 
(a) 100 Hz 
1 (c) 400 Hz 

A-63 
_ ша Youngs double-slit experimen 
- was observed to be 0.20 mm. If red light re 
- "width becomes 


(а) 0.25 mm (b) 0.16 mm 
(d) 0.10 mm 


(c) 0.13 mm 
A-64 
The value of 


(а) 273° F 
(e) -459.4° F 


A-65 

At pressure P and absolute temperature T, the mass M of an ideal gas 
fills а closed container of volume ¥. tional mass 2M of the same | 
gas is introduced into the container and the volume is then reduced to V/3 
and the-temperature to 7/3. The pressure of the gas will now be 

(a). ЭР, (b) 2P 
(с) P/3 (d) 9P 


А-66 

оло radioactive elements X and Y have half-lifetimes of 50 minutes and 
ш minutes respectively. Samples of A and B initially contain equal num- 
br of atoms, After 200 minutes, what is the value of im SiS 
[кегш of X unchanged 

umber of atoms of Y unchanged /’ 


ire 0.5 m long has a total mass of 0.01 kg and is stretched 
00 N. The frequency when it vibrates in its fundamental 


(b) 200 Hz 
(c) 800 Hz 


t using green light, the fringe width 
places green light, the fringe 


absolute zero on the Fahrenheit scale is: 
(b) —423.2° Е 
(d) —602° F 


(a) 4 b) 2 

(c) 1/2 ui 1/4 
À-67 | | 
les, only 


ум a lithium nucleus (Li?) is bombarded with certain partic 
alpha particles are produced. The bombarding particles аге: . 


(b) protons - 


(а) electrons 
(d) photons 


_ ©) deuterons 
A68 

Which on i 
i ш х. 
_ (à) refraction 

- Є) photoelectric effect 


па cannot be explained by the 


(b) interference 
(4) polarization 
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A-69 


The value of X in o 


hms which gives zero: deflection on the E 
meter in Fig. 6 is — 


(a) 3Q (b) 62 
(с) 152 (4) 182 
(©) 
x 
Fig. 6 
A-70 
If each resistor in Fig. 7 is 2 Q, the effective resistance in ohms between 
X and Y is: 
(019 (6) 22 
(0 49 (d) 6 Q 
x 
Y 
Fig.7 


in X to that in y is: * same tension, the ratio of the energy stored 
has (b) 3:4 
Or (d) 6:1 

A-72 


Fig. 8 
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m 
E 


Fig. 9 


A-73 


tion of current with time 
Which of the graphs of Fig. 9 shows the varia A 
in a tungsten filament lamp, from the arts current flows 
A (6) (B 
9 © (4) (D) 
e both the 
When the prong of a tuning fork is struck against some object, 
prongs vibrate. 


(а) with a phase difference of 7 
b) with a phase difference of 27 
(c) with a phase difference of 7/2 
(d) in the same phase 
A-75 
hich are fixed a 
When a lens is inserted between an object re ee aay оГ 
distance apart, the size of the image is either 6 cm 
the object in cm is eh 
(a) 2 (b. 
(c) 4 (d) 9 
A-76 


t P as shown-in 
A pendulum bob suspended by à string from the poin 
ig. 10. It is in equilibrium under j 
action of three forces: W the 
Weight of the bob, Т the tension in 
€ string and F a horizontally appli- 
ed force, Which one of the following 
statements i is untrue? 
(0) ?+ 2 тг 
(b) W=T cos 6 
(б) W=W tan 6 
(d) А апа W аге ће components 
of T 
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A-77 


Forces of 3 N, 4N and 12N act at a point in mutually perpendicular 
directions, The magnitude of the resultant force in newtons is: 


(a) 5 (b) 11 

(c) 13 

(d) indeterminate from the information given. 
A-78 


Which graph in Fig. 11 best represents the variation of velocity with time 


of a ball which becomes vertically on a hard surface, from the moment it 
rebounds from the surface? 


| 
(а) (A) (b) (В) | 
(с) (С) . (4) (D) 
хі 1 
(A) t (в) i 
э} з, 
$ t 
(C) (0) 
Fig. 11 
A-79 


Heat flows through the bar XYZ in Fig. 12, The ends X and Z are main- 
tained at fixed temperatures (tempe- 
rature at X > temperature at 2). 


ve‏ ار 
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4 Fig. 13 
AM (b) (B) 
Po © (d) (D) 


` k80 2 

— An electrostatic field E and a magnetic flux density B act over the same 

_ Iégion and an electron enters the region. Which one of the pombinations | 
- 0f E and B in Fig. 14 can be made to cause the electron to pass undeflected? 
(a) (A) (Б) (B) 


00 (4) (0) 
Е B | 
al i ; (8) i 
E Btin) 


Fig. 14 
[on five items listed as a, b, c, d and e and five others listed as (i), (ii) 
i ) 


i), (iv) and ¢ i i ith one of the items 
: ) V), pair each item of the first category wi 
the second list. р 
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A-81 

(a) Water boils at temperatures (i) found in electric lamps 

- higher than 100°C 

(b) Isotopes (ii) regions of high pressure 

(c) Tungsten (iii) hygrometer 

(d) Charged atom or group of (iv) they contain the same number of 
atoms protons but different 


number of neutrons 
(е) Instrument to measure the (v) ions. 
relative humidity of air. 


` A-82 


(o Produces spectrum (i) hydrometer 
- (b) Freezing point ‘of alcohol (ii) — 273°C 


(с) The lowest possible temperature (її) — 40°C 
(d) Resistance of a cube of metal (iv) specific resistance 
with a side of 1 cm length 


(e) Used for measuring relative (у) prism 
density of liquids 

A-83 

(a) Energy of a photon (i) potential difference across a cell 
: when no current flows 

(b) Electron (ii) kilo-watt-hour 

(c) Emf of a cell (iii) elementary unit of electric charge 

(4) Wavelength of X-rays (iv) ЛУ 

(е) 36x 105 J (v) 1 Angstrom 

A-84 

(a) Angular momentum (i) M-!L3T-2 

(Б) Torque (ii) МІ2Т-2 

(c) Power (iii) ML?T-! 

(d) Weight | (iv) ML2T-3 

(e) Gravitational constant (у) МІТ-2 

А-85 

(а) Cyclotron (i) X-rays 

iD Atomic pile (ii) used for accelerating protons 

c) Cosmic rays (iii) used for conducting nuclear 
EN fission 

(d) p-n junction (iv) highly penetrating rays 

(e) Coolidge tube (V) semiconductor device 

A-86 ; 


Fill up the gaps with suitable words: 


(i) A second’s pendulum has a time-period of... 
(ii) The resistance of a semiconductor...with increase in temperature. 
(iii) Escape velocity = orbital velocity x... 7 
(iv) A body is thrown vertically upward with a speed v, then on coming 
| Баск to the same point, its speed will be... - Р 
(У) A wire is stretched to three times its length, then its resultant resis- 
, tance will become...times. ; 
(vi) шге is taken as a standard unit; the dimensions of resistivity 
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(vii) The resistance of a shunted galvanometer is..-than the resistance of 
the galvanometer. 
(viii) dg projectile motion,...component of velocity remains un- 
tered. 
(x) The time-period of a simple pendulum in a lift falling freely is.... 
(x) When an alpha particle is emitted by a radioactive substance, its 
atomic number decreases Бу... 
| (zi) If a glass plate is inserted between the plates of an insulated charged 
condenser, then the potential difference between the plates will.... 
(xii) A person with ‘long sight’ uses spectacles having..-lenses. 
(xiii) The frequency of the lines emitted in Balmer series lie in the ... 
region of the spectrum.. 
(xiv) The absorptive power of a perfectly black body is <. ` 
(ху) When the source and the observer recede from each other, the 
apparent frequency... 
| (xvi) The unit for mutual conductance of а triode-valve is... 
(xvii) The maximum energy of photo-electrons emitted depends upon the 
b + incident light. 
(xviii) The wavelength of the first member of the Balmer series is...than 
the wavelength of the second member of the same series. 
(xix) The phenomenon of nuclear...is used in the liberation of. energy 
from the hydrogen bomb. 
(хх) The nucleus of Uranium 235 has-..nucleons. 
A-87 
Indicate which of the following statements is True or False, by using 
symbols T for true and F for false. 
(i) Momentum and impulse have the same dimensions. 


(i) Planck's constant and angular momentum have the same dimen- 
sions, 


d > > > > > 
(iii) Two vectors А and B are such that 4+ B-C and 4+ В= С. Then 
4 and B are parallel to each other. 
> > 


Л > | ә > > > 

(iv) Two vectors A and B are such that A+ B=A—B then A=0 
(у) The gravitational attraction of the moon is much less than that of 

j the earth. ч 
(vi) If two forces, one of 10 N and another of 6 N, act upon a body, 
» the resultant force on the body will be more than 10 N. 

(vii) When water in a bucket.is whirled fast overhead, the water does 
Dot fall out at the top of the motion because the centripetal force 


T on the water is less than the weight of water. 
iii) The unit of coefficient of thermal conductivity is J m^! s^! °C. 
(ix) The average kinetic energy of translation of a molecule is propor- 
tional to the absolute temperature of the gas. 
(x) Ina diverging lens, the image is always virtual, erect and diminished. 
When a spring of force constant k is cut into two equal parts, the 
Er orce constant of each half becomes /2. 
i) Kinetic energy is a vector quantity. 


L 
E 
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(xiii) Equipotential surfaces are always at right angles to the lines of force, 
(xiv) The weight of a body at the centre of the earth is maximum. 
(xv) Escape velocity of a body is independent of its mass. 


A-88 
Answer the following questions in two or three sentences. 
(i) Why are roads and railway tracks banked on curves? 

(ii) Can an object be accelerated without speeding up or slowing down? 
Give an example. ' 

(iii) Сап an object move westward with an acceleration that is neither 
eastward nor westward nor northward nor southward? Give an 
example. 

(iv) Why does a balloon stop rising when it has attained a certain height 
in the sky? 

(v) Why does a siphon fail to work in vacuum? 

(vi) Does a ball you drop in a speeding train fall as fast as one released 
from a tower? Explain. 

(vii) When some air is pumped into a balloon, both the pressure and 
volume increase for the some temperature of air. Does it violate 
Boyle's law? 

(viii) One cannot expect centripetal force to perform any work, explain. 

(ix) Some passengers sitting in a stationary carriage push it from the 
inside, will the carriage move? 

(x) What is the effect of air resistance on (i) the total time of flight and 
on (ii) the horizontal range for a projectile? 

(xi) pis steam at 100°C produces more severe burns than water 

at 

(xii) A beaker is completely filled with water at 1°C. Whether the tempe- 
rature of this water is raised or lowered, in either case there is an 
outflow of water. Explain. 

(xiii) Why does the setting sun look red? 

(xiv) Why does an air bubble in a jar of water shine brightly? 

(xv) In light why does a red tie seen through a green filter look 

ack? 


i 


(xvi) Why are the filaments in the electric bulb made of tungsten? 

(xvii) Is it possible to have the terminal voltage across a cell greater than 

A its emf? Explain. : 

(xviii) A man in an insulated metal cage does not receive a shock when 
the cage is connected to a high voltage source. Explain why. 


(xix) Do magnetic lines of force have a beginning and ending? 
(xx) Do bends in a wire affect its electrical resistance? 


PART B 


B-1 

-.. If the velocity of light C, the constant of gravitation С and Planck's con- 
stant h be chosen as fundamental units, find the dimensions of mass, 
length and time in the new system. y 
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“If instead of mass, length and time as fundamental quantities, we choose 
locity, acceleration and force as fundamental quantities and express their 
ension by V, А and F respectively, how would you express linear momen- 
tum, angular momentum and Young's modulus in terms of V, A and F 


mass of 2.9 kg is suspended from a string of length 50 cm and is at 
. Another body of mass 100 g, moving horizontally with a velocity of 
m/s, strikes and sticks to it. І 

(0) What is the tension in the string when it makes an angle of 60° with 
| the vertical? 


_ ii) Will it complete a vertical circle? 


The length of a simple pendulum is 1 m. The bob of the pendulum of mass 
0 ^ is "oen when the string is horizontal so that it isat the lowest point 
Of its path. 

2 0 What is its kinetic energy? 
(0) What is the tension in the string? 


_ itp, q and r are the distances covered by a body moving with a uniform 
_ Acceleration during the /th, mth and nth seconds respectively, prove that 


p(m— n) - q(n— I)  r(1— m) =0 


4 a ticle of mass 10 g is describing simple harmonic motion along a 
_ ight line with a speed of 2 cm/s and an amplitude of 10 cm. What is its 
- kinetic energy when it is 


a (a) 2cm from its equilibrium position? 

: (b) 5 em from its equilibrium position? 

How would you account for the difference between these two values of 
с energy? 

ШЕ. 


} кучо of mass M is attached to the mid-point of a wire stretched 
the wir two fixed points. If / be the length of the wire and T the tension in 
pt €, find the frequency of the lateral oscillations. 


bored ата were a homogeneous sphere and a frictionless tunnel were 


| е two places on the surface, show that the time to travel from 

Des a the other through the tunnel is independent of the distance 
- Take gg em two places. Find the time required to cover this distance. 
EN :$ m 87° and radius of earth —6.38 x 105 m. 


B uet if a tunnel is dug along the diameter of the earth and a. body 
5 Into it, it will execute simple harmonic motion with a period” 


fen 
Gp Where the С is gravitational constant and p the average density of 


1 
ith 


22° Question Bank 
B-10 


Two bodies of masses Mi and М are placed a distance 4 apart. Show 
that at a point where the gravitational field due to both the masses is zero, 
the gravitational potential is given by 


: r= (ane ua - 2M? ^) 
B-11 


A projectile of mass 50 kg is shot vertically upwards with an initial velo- 
city of 100 m/s. After 5 s, it éxplodes into two fragments, one of which 
having a mass of 20 kg travels Vertically up with a velocity of 150 m/s. 

(i) What is the velocity of the other fragment at that instant? 

(ii) Calculate the sum of the moments of the two fragments 3s after the 
collision. What would have been the momentum of the projectile 
at this instant if there had been no explosion? 

B-12 


A block P of mass mi, rests on another block О of mass mz. О rests ona 
fixed surface R (Fig. 15). The coefficient of friction between any two sur- 
aces is и. P and Q are connected by a massless string passing around a 
frictionless pulley S fixed to a wall. With what force should P be dragged 
So as to keep both P and Q moving with uniform speed? 


E coo 0m— Д 


Fig. 15 
B-13 


A block of ice slides down from the top of an inclined roof of a house 
(angle of inclination of roof is equal to 30°C to the horizontal). The highest 
and lowest points of the roof are at heights of 8.1 m and 5.6 m respectively 
from the ground. At what horizontal distance from the starting point will 
the block hit the ground? (Neglect friction) 


B-14 


A gun, kept on a straight horizontal road, is used to hit a car travelling 
along the same road away from the gun with a uniform speed of 72 km/hr. 
The car is at a distance of 500 m from the gun when the gun is fired at an 
angle of 45* with the horizontal. Find (i) the distance of the car from the 
gun when the shell hits it, and (ii) the speed of projection*of the shell from 
the gun. 

B-15 ! Ч 
A rocket is fired Vertically from the ground with a resultant vertical acce- 


leration of 10 Nkg-!. The fuel is finished in 1 minute and it continues to 
move ир. What is the maximum height reached? 


B-16 . 


length of a simple pendulum is 1 m. The bob of the pendulum of 


The 
mass 10g is released when the string is horizontal. When it reaches at the 
lowest point of its path, 


(i) What is its kinetic energy? 
(ii) What is the tension in the string? 


Меч ie 
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B-17 

Alight rod of length 200 cm is suspended horizontally from the ceiling 
by means of two vertical wires of equal length tied to its ends. Both the 
wires are made of steel and are of cross-section 107? m?, Find out the 
position along the rod at which a weight may be suspended to produce: 


(i) equal stresses in both wires, and 
(ii) equal strains in both wires. 
[Young's modulus of brass = 10! N/m?, 
Young's modulus of steel = 2 х 10!! N/m?] 
B-18 
A sphere of radius 10 cm and mass 25 kg is attached to the lower end of 
- asteel wire which is suspended from the ceiling of a room. The point of 
Support is 5.21 m above the floor. When the sphere is set swinging as a 
- Simple pendulum, its lowest point just grazes the floor. Calculate the velocity 
_ Of the ball at its lowest position. Young's modulus of steel =2 x 10!! N/m’, 
. unstretched length of the wire = 5 т and radius of the steel wire = 0.05 m. 
` B-19 
| A sonometer wire fixed at one end has a solid mass М hanging from its 
other end to produce tension in it. It is found that a 70cm length of the 
Wire produces a certain fundamental frequency when plucked. When the 
. Same mass M is hanging in water and completely submerged, it is found 
- that the length of the wire has to be changed by 5cm in order to produce 


same fundamental frequency. Calculate the density of the material of 
the mass М. н 


В-20 

А rifle shot is fired in a valley formed between two parallel mountains. 
€ echo from one mountain is heard after 2 sand the echo from the other 
Seconds later. 
(i) What is the width of the valley? 

_ fii) Is it possible to hear the subsequent echoes from the two mountains 

Simultaneously at the same point? If so, after what time? 

B-21 


The length of the sonometer wire between two fixed ends is 1 m. Where 
Should the two bridges be placed so as to divide the wire into three seg- 
e whose fundamental frequencies are in the ratio of 1:2: 3? 

-22 


fees Specific gravity of oxygen and nitrogen are in the respective ratio of 
14. At what temperature will the velocity of sound in oxygen be same 
En In nitrogen at 15°C? 
-23 


А policeman on dut at a crossing challenges a motor driver for crossing 
| ш Speed limit of 7 km/h by Сав: а change of 20 vibrations іп the 
. Pete of frequency 128 Hz as the car passes him. Calculate the speed of the 


EB. the policeman correct? Velocity of sound = 330 m/s. 


The planet Ju iter h atmosphere composed of methane (CH4) at a 
temperature of js 130°C. Estimate the жү е of sound on that planet, 
Re Runs the ratio of principal specific heats of this gas to be 1.3. Given 

3 joules per degree per gram molecule. — ' 
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B-25 l 
A certain tuning fork is found to give 2 beats рег second in conjunction 
with a stretched string vibrating transversely under a tension of either 10.2 
or 9.9 kg weight. Calculate the frequency of the fork. 
B-26 
Calculate the number of heats if there are three sources of equal intensity 
with frequencies 400, 401 and 402 vibrations per second. 
B-27 | 
A vibrating tuning fork tied to the end of a string б/т m long, is whirled 
around in a circle. It makes 2 rev/s. Calculate the difference of the frequency 
between the highest and the lowest notes heard by an observer situated in 
the plane of rotation. Velocity of sound = 340 m/s. 
B-28 
A projector lens focal length of 10 cm. It throws the image ofa 2cm x 2cm 


slide on a screen 5 т from the lens. Find the size of the picture on the 
Screen. 


B-29 

Photographs of the ground are taken from an air craft flying at an altitude 
of 2000 m, by a camera with a lens of focal length 50 cm. The size of the 

in the camera is 18 cm X 18cm. What area of the ground can be photo- 

graphed by this camera at any time? 
B-30 j 
» A glass lens has a focal length 5cm in air. What will be its focal length 
in water? Refractive index of glass is 1.51 and that of water 1.33. 
B-31 

An object of height 4 cm is kept to the left of, and on the axis of, a con- 
verging lens of focal length 10 cm as shown in Fig. 16. : 


Object 


Mirror 


! 
Юст —4 
L 


[ 
Fig. 16 


A plane mirror is placed inclined at 45* to the axis of the lens at a. distance 
of 10 cm to the right of the lens. Find the position and size of the image 
formed by the lens and mirror combination. 


B-32 


А rectangular loop of wire of width D and resistance R. is placed in à 
niform ti resistance R, is placed in 
Ed ook aed. A s ting normally to the plane of the loop. If = 

it ou : у I Е 
for the purpose? a eld with elegy V, what is the power requi 
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B-33 

Two metal strips, each of length /o and thickness 4 at temperature To are 
riveted together so that their ends coincide. One strip is made of a metal 
having a coefficient of linear expansion «1 and other of metal with a coeffi- 
cient of linear expansion q2, where &1 > 02. When this bimetallic strip is 


` heated to a temperature (To + AT), one strip becomes longer than the other 


and the bimetallic strip bends into an arc of a circle. Determine the radius | 
of curvature, R of the strip. : 

B-34 { 
Two rods, each of length l2 and coefficient of linear expansion «2, are 
connected freely to a third rod li of coefficient of linear expansion «, to 
form an isosceles triangle. The arrangement is supported on a knife-edge at 
the mid-point of /; which is horizontal. What relation must exist between 
li and h so that the apex of the isosceles triangle remains at a constant dis- 
tance from the knife-edge as the temperature changes? 

B-35 . 

A lead bullet at 100°C strikes a steel plate and melts. What was its mini- 
mum speed? Sp. heat of lead = 0.03, latent heat —5 cal/g and melting point 
cH C. The heat produced is shared equally between the plate and the 

et. 
B-36 

A reversible engine converts one sixth of the heat input into work. When 
the temperature of the sink is reduced by 62°C, its efficiency is doubled. Find 
the temperature of the source and the sink. 


`В-37 


Three slabs of thickness di, d» and ds and thermal conductivities kı, k2 and 
ks respectively are placed in contact in this order. Show that in the steady 


` state when there is no radiation loss, the combination behaves as а single 


material of conductivity К, given by 
di dads _ di + a ,d 
алы 


kı ka ks 
B-38 І 


The temperature gradient in the earth’s crust is 42°C per km and the 
mean conductivity of the rocks is 0.008 CES units. Taking the radius of the 
earth as 6000 km, calculate the daily loss of heat by the earth. 


B-39 


A metallic bob weighs 50 g in air. If it is immersed in a liquid at a tem- 
perature of 25°C, it weighs 45g. When the temperature of the liquid is 
Taised to 100°C, it weighs 45.1 g. Calculate the coefficient of cubical expan- 
Sion of the liquid assuming the linear expansion of the metal to be 


12 x 10-§/°C. 
B-40 


A glass fiask of one litre capacity contains some mercury. It is found that 


at different temperatures the volume of air inside the flask remains the 
i Linear coefficient for 


same. What is the volume of mercury in the flask? 
glass = 9 x 10-5/?C and volume coefficient for mercury = 1.8 X 1 С! 
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B-41 

Asteel wire of cross-sectional area 0.5mm? is held between two fixed 
supports. If the tension in this wire is negligible and it is just taut at a tem- 
perature of 27°C, determine the tension when the temperature falls to 0°C 
(assuming the distance between two supports remains constant). 


Y of steel= 2.1 — 10!? dyne/cm? 
a for steel = 12 x 10-68°С. 
B-42 
The temperatures of equal masses of three different liquids A, B апа C 
are 12°C, 19°C and 28°C respectively. When A and B are mixed the tem- 
perature is 16°C whereas when B and C are mixed, the temperature is 23°C. 
What would be the temperature when A and C are mixed? 
B-43 
(a) Find the resistance between the points A and B in Fig. 17. 


2n 2f. 
Fig. 17 


(b) Two cells of emf 1.5 and 2.0 V and internal resistance 22 and 12 
respectively have their negative terminals joined by a wire of 60 and 
positive terminal by a wire of 42 resistance. A resistance of 32 
connects the mid-points of these wires. Calculate the potential diffe- 
rence across its two ends. 


B-44 


Figure 18 shows an infinitely long series-parallel chain. Each resistance 
of this chain is 1002. What is the total resistance between A and B. The 


part of this long chain to the right of 4’ and B’ is the same as the whole 
chain. 


to 
infinity 


B-45 


An electric current of 5 A is divided into three branches forming а 
parallel combination. The lengths of the wires in the three branches are in 
the ratio 2, 3 and 4 and their diameters are in the raiio 3,4 and 5. Find the 

trent in each branch if the wires are of the same material. 
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B-46 

- A galvanometer together with an unknown resistance in series is con- 
nected across two identical batteries each of emf 1.5 V. When the batteries 
are connected in series, the galvanometer records a current of 1A and 
when the batteries are connected in parallel the current is 0.6 A. What is 
the internal resistance of the batteries? > 
B-47 

Ап electric kettle has two heating coils. When one of the coils is swit- 
ched on, the kettle begins to boil in 6 minutes, and when the other 
coil is switched on the boiling begins in 8 minutes. In what time will the 
boiling begin if both coils are switched on simultaneously when connected 
(i) in series (ii) in parallel? 
B-48 


B-49 

A fuse, made of lead wire, has an area of cross-section 0.2 mm?, On 
short-circuiting, the current in the fuse wire reaches 30 A. How long 
after the short-circuiting will the fuse begin to melt? For lead, sp. heat= 
0.032 cal/g°C, melting point = 327°C, density = 11.34 glcm? and resistivity = 
22 10-° Q cm, initial temperature of wire =20°C. 
B-50 

Two conductors of copper and iron are connected in parallel and carry 
equal currents. What proportions of current will pass through each if the 
temperature is raised to 100°C? For copper «= 0.0043/ °C and for iron 
«= 0.0063/°С. 
В-51 

A length of a uniform wire of resistance 10 2 is bent into а circle. Two 


points situated at a quarter of the circumferenoe apart are connected with 
a battery of internal resistance 1 З and emf 3 V. Find the current in the 


different parts of the circuit. 
B-52 

A copper rod of length L rotates at angular velocity w in a uniform 
кре field B. Evaluate the emf developed between the two ends of the 


B-53 


A fan blade of length 2a rotates with frequency f cycles per second per- 
a, to a magnetic field B. Find the p.d between the centre and end 
е blade. 


B-54 
i Aspherical liquid drop has a diameter of 2 cm and is given a charge of 
(i) What is the potential at the surface of the drop? 


| (ii) If two such drops coalesce to form а single drop, what is the poten- 
1 tial at the surface of the drop so formed? 
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B-55 

Two identically charged spheres are suspended by strings of equal length. 
The strings make an angle of 30° with each other. When suspended in a 
liquid of density 0.8 g/cm3, the angle remains the same. What is the dielec- 
tric constant of the liquid? The density of the material of the sphere is 1.6 
g/cm?. 
В-56 

Find the value of the capacitance С іп Fig. 19. If the equivalent capaci- 
tance between the points A and B is to be 1 LF. All the capacitances are 
microfarads. 


32/23 1 


Fig. 19 


B-57 

An accident occurred in a laboratory in which a large amount of radio- 
active material with a known half-life of 20 days became embedded on 
floors, walls, etc. Tests showed that the level of radiation is 32 times the 
permissible level of normal occupancy of the room. Assuming that the last 
statement is correct, after how many days will the room become safe for 
occupation? 
B-58 

The equivalent wavelength of a moving electron is 0.24 x 107!? т. What 
voltage applied between two grids will bring it to rest? 
B-59 . н 

What would be the approximate quantum number for a circular orbit of 
hydrogen 0.0001 mm in diameter? 
B-60 


An alpha particle and a proton are accelerated by a potential difference | 
of 1 kV. Find the ratio of de Broglie wavelength of alpha particle and | 
proton (А, : Ap). 

B-61 

Electrons bombarding the anode of а Coolidge tube produce X-rays of 

wavelength 1 AU. Find the energy of each electron at the CO HR of impact. 
= 6.662 х 10—27 erg-s 
e=4,80x 1071? e.s.u. 

B-62 


Calculate the wavelengths of the first two lines of the Balmer series and 
the excitation energy of these lines in eV. R= 109678 ст-!. 
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| B-63 

Calculate the radius of the first orbit of hydrogen atom. Show that the 
velocity of the electron in the first orbit is 1/137 e, where c is the velocity 
of light. 
B-64 


When 400 V electrons are diffracted by a crystal, the angular diffraction 
pattern is identical with that produced by X-rays of wavelength 0.61 À. 
Calculate Planck's constant. 
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A-84 (a) (iii) A-85 (a) (ii) 
(b) (ii) (b) (iii) 
(с) (iv) (c). (iv) 
(4) (v) (4) (v) 
(е) (i) (е) G) 
A-86 (i) 2 (xij decrease 
(ii) decreases (xii) convex 
(ii) 4/2 (xiii) visible 
(iv) о (xiv) unity 
(v) 9 (xv) decreases 
(vi) ML?T-!Q-2 (xvi) mho, Siemen, 2-!m-! 
(vii) less (xvii) frequency 
(viii) horizontal (xviii) longer 
(ix) infinite (xix) fusion 
(х) 2 (хх) 235 
А-87 (i) T (vi) F (xi) F 
(ii) T ‚ Wii) T (xii) F 
(ii) T (viii) T (xiii) Т 
(iv) F (ix) F (xiv) F 
3 (v) T (x) T (xv) T 
A-88: 


(i) A centripetal force is required to make a body move along ‚а cur- 
ved path. If the track is banked inward, the normal N is also 
inclined at angle 0 to vertical and N sin 0 provides the necessary 
centripetal force. 

(ii) When a body describes a circle with uniform speed, it possesses 
centripetal acceleration v?/r, where о is speed and r is radius of 
circle. Here о remains constant throughout and direction continuo- 
usly changes. 

(iii) Yes. If a body is. moving along a vertical circle іп east-west plane, 
then at the highest point, the body going from east to west will have 
a west-ward velocity and centripetal acceleration will be vertically 
downward. 

(iv) At ground level, the upthrust on the balloon exceeds its weight 
and it goes up. As it goes up, the density of air goes on decreasing 
and at the highest point, the buoyant force equals the weight and it 
remains floating there, 

(v) Because it works on account of atmospheric pressure. 

(vi) Yes. The downward acceleration will be same in both the cases. 

(vii) Mass of air is continuously changing, therefore, Boyle’s law does 
not apply. а 

(viii) The angle between force and displacement is always 90°, therefore, 
work done is zero. 

(ix) When the passengers apply a force Fon the wall of the carriage, 
an equal and opposite force will act on the passengers. So the net 
force on the system (carriage + passengers) will be zero and the 
carriage will not move. 
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(x) Time of flight will increase but horizontal range decreases. 

(xi) Steam at 100°C requires more heat to condense (540 cal/g) besides 
the heat required to come down frem 100°C to the body tempera- 
ture. 

(xii) Water has maximum density at 4°C. When the temperature changes, 

the volume increases. 
' (xiii) Due to the phenomenon of scattering of light, 
А 1 
i Scattering oc (wavelength) 
(xiv) Rays going from water into the air bubble suffer total internal 
. reflection, so get reflected back as if from a mirror, hence the air 
bubble shines like a mirror, 
(xv) Green filter allows only green light to pass through. Red tie sends 
only red rays which fail to pass through filter, hence appears black. 
(xvi) High melting point of tungsten. 
(xvii) By having an additional source of higher emf so connected that the 
current enters at positive pole and leaves at the negative terminal. 
Thus p.d of cell will be greater than its emf. 
(xviii) Since the charge always resides on the outer surface of a sphere. 
(xix) No. They are closed loops of various shapes. 
(xx) No. Because electrons have negligible inertia. 


PART B 


B-1 M = [132 C12 G-12] 
L = [412 C322 G1] 
T= [2 G12 С-52] 
B-2 Linear momentum = [FA-! V] 
Angular momentum = [FA-? V3] 
Young's modulus - [FA? V-*] 
B-3 (i) 135.3 N 
(ii) Yes, it completes a vertical circle 
B-4 (i) 0.098 J 
(ii) 0.294 N 
B-6 (i) 480 72 x 10-7 J 
(ii) 375 72x 1077 J 
Decrease in КЕ = 105 72x 10-7 J is accompanied by an increase 
in potential energy. 


B-7 l J E 
27 MI 
B-8 42 minutes 


B-H (i) —15 m/s 
(ii) 1080 kg m/s-!, 1080 kg m/s! 
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B-12 (3 тү+ тэ) 
В-13 8.93 m 
B-14 (i) 85.6 m/s (ii) 746.8 m/s 
B-15 39.15 km 
B-16 (i) 0.098 J (ii) 0.294 № 
B-17 lm 
B-18 3.76 m/s 
B-19 7.26 g/cc 
B-20 (i) 1050 m 
(ii) 6s, ^ 12s, 185, etc. 
B-21 54.54 cm and 81.81 cm 
B-22 56.14°C 
B-23 He is justified as the velocity of car is 33 m/s 
B-24 311.2 m/s 
B-25 . 268 vib/s 
B-26 1 ; 
B-27 0.14 times the original frequency 
B-28 98 cm x 98 cm’ 
B-29 158400 m? 
B-30 18.85 cm 


B-31 8 cm real image at a distance of 20 cm from the plane mirror 
2р2 

= | 

B-33 R= зати 

В-34 E vs 

B-35 440 m/s 


В-36 1737°С, 1402°С 
B-38 1.009 x 102 cal 
B-39 3.09х10-4°С 

. B-40 0.15 litre 


В-41 25.2 N 
В-42 20.26°C 
B-43 ` (a) 6.080 (Б) 126 V 
B-44 73.2 Q 
B-45 . 1.399 A, 1.658 A, 1.943 A, 
‘B-46 19 
B-47 3.43 minutes 
790 2 
0.095 s 
46.79%, 53.21% 
6 18 
23 A, 23 A 
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E w BL? 
-nBalf 

14.75 x 105 V 
2 

4 

100 days 
2597 eV 

31 

2.82:1 

1.24 x 104 eV 
6563 À, 4870 À; 1.99 eV, 2.55 eV 


6.59 x 10734 J-s 


CHEMISTRY 


PART A 


Choose the correct answer in each of the following: 


A-1 


The octet rule is not valid for the molecule: 
(а) СО (b) H20 
(с) O2 (а) СО 

А-2 


А gaseous mixture contains oxygen and nitrogen in thé ratio of 1:4 by 
weight. The ratio of their number of molecules is: 


(а) 1:4 b) 1:8 
(c) 7:32 0) 5:16 
E mat 
The number of neutrons in dipositive zinc ion with mass number 70 is: 
(a) 34 : (b) 36 
(c) 38 (d) 40 
A-4 


en nitric oxide is oxidized by air is: 


The reddish-brown gas formed wh 
(a) NO; : (с) №04 
(b) №0; (d) N203 
А-5 is 
The least number of molecule is in: RAE 2.2 
(a) 36 g of water (с) 28 g of carbon monoxide — 
(b) 46 g of ethyl alcohol (d) 54g of nitrogen pentoxide 


1 
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A-6 


Element X is strongly electropositive and element Y strongly electronega- 
tive. Both are univalent. The compound formed would be: 


(a) X*Y- (с) X- Y 
(b) X-Y* (d) XY 
А-7 | 
which of the following is most stable to heat? 
(а) НСІ | (с) НВг 
(b) НОСІ (d) HI 
A-8 
Which of the following is soluble in water? 
(а) CS2 | (с) CCl, 
(b) C;2HsOH (d) CHCl; 
A-9 
Marsh gas mainly contains: 
(а) ‘C2H2 (c) CO 
(6) CH, (d) H:S 
A-10 
A solution of KBr is treated with each of the following gases. Which 
one would liberate bromine? 
(а) Ch (c) HI 
(b) b (d) SO; 
A-11 
Which of the following decolorize alkaline KMnO; solution? 
(a) C3Hs (c) CH4 
(b) C2H4 (d) CCl, 
A-12 
Which of the following is basic? 
(а) СНз—СН;—ОН (c) H-O—O—H 
(b) HO—CH;—CH;—OH (d) none of these 
A-13 
One of the constituents of German silver is: 
(a) Ag (c) Mg 
(b) Cu (d) Al 
A-4 
“Lead pencil” contains: 
(a) Pb (с) Graphite 
(b) Fes (4) PbS. > 
A-15 
_ Which of the following statements about anhydrous aluminium chroride 
is correct? 
8 it exists as AICI molecules 
(b) it is not easily hydrolysed 


(c) it sublimes at 100°C i 
(d) itis a strong Lewis bee Si сота 


TUB NTE ENG ot 
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A-16 


How many unpaired electrons does Ni** have: 
(a) 0 (c) 4 
(b) 2 (d) 8 

A-17 


The ratio of the root-mean-square velocity to the average velocity ofa gas 
molecule at a particular temperature is: 


(a) 1.086 : 1 (c) 2 : 1.086 


(b) 1 : 1.086 (d) 1.086 : 2 
A-18 

Sodium thiosulphate is used in photography because of its: 

(a) reducing behaviour (c) complex forming behaviour 

(b) oxidizing behaviour (d) reaction with light 
A-19 

At 90°C, pure water has [H3 O] = 1075 mole litre". What is the value of 
Ky at 90°C? 

(a) 10-6 (c) 10-14 

(b) 10-12 (d) 1078 
A-20 


The correct order of second ionization potential of carbon, nitrogen, 
oxygen and fluorine is: 


(а C>N>O>F () F>O>N>C 
()O>N>F>C ()O>F>N>C 
A-21 


Equal weights of methane and oxygen are mixed in an empty container 
at 25°C. The fraction of the total pressure exerted by oxygen is: 


(a) 1/3 (с) 1/2 
b) 2 1. 278. 
RE (4) > * 59g 
A22 
Of the given anions, the strongest Brónsted base is: 
(a) CIO- (© СОг 
(b) CIO; (4) СОг 
A-23 


A solution of sodi in liqui ia is stro: reduci d 
Prts ресе fe metal in liquid ammonia is s ngly reducing due 


(а) sodium atoms (c) sodium hydride 
(b) sodium amide (d) solvated electrons EON 
. 4-24 : 
The pH of a 10-8 molar solution of HCl in water is: 
(a) 8 (c) between 7 and 8 


(0) -8 . (d) between 6 and 7 
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A-25 


The molecule in which the distance between the two adjacent carbon 
atoms is Jargest is: : 


(a) ethane (c) ethyne 
(b) ethene (d) benzene 
A-26 


The compound that is not isomeric with diethyl ether is: 
(a) n-propyl methyl ether (c) butan-l-ol 


(b) 2-methylpropan-2-ol (d) butanone 
A-27 
The reagent with which both acetaldehyde and acetone react easily is: 
(a) Fehling's reagent (c) Grignard reagent 
(b) Schiff’s reagent (d) Tollen's reagent 
A-28 


Ifa molecule MX; has zero dipole moment, the с bonding orbitals used 
by M (atomic number — 21) are: 


(a) pure p (c) sp? hybrid 
(b) sp hybrid (d) sp? hybrid 
A-29 
A compound that gives a positive iodoform test is: 
(a) 1-pentanol (c) pentanal 
(b) 2-pentanone (d) 3-pentanone 
A-30 
The compound with the highest boiling point is: 
(a) n-hexane (c) 2, 2-dimethyl propane 
(b) n-pentane (d) 2-methyl butane 
A-31 
ANE the following, the compound that can be most readily sulphonat- 
is: 
(a) benzene (c) nitrobenzene 
(Б) toluene (4) chlorobenzene 
A-32 
Moderate electrical conductivity is shown by: 
(a) silica à (c) diamond 
(b) graphite. (d) carborundum 
A-33 
. Among the following, the molecule that is linear is: 
(a) CO; (c) NO; 
(b) SO; (d) CIO; 
A-34 
Heavy water is 
(a) но (6) DO 
(c) water obtained repeated distillation 


(d) water at 4*C 


ў = ны 
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A-35 


Chloride acts as a bleaching agent only in presence of: 
(а) dry air (c) sunlight 
(b) moisture (d) pure oxygen 
A-36 
Which among the following does not have the hydrogen bond? 
(a) phenol (c) water 
(b) liquid ammonia (4) liquid НСІ 
A-37 
The principal quantum number of an atom is related to the: 
(a) size of the orbital (c) orbital angular momentum 


(b) spin angular momentum (4) orientation of the orbital in space 
A-38 
Which of the following will exhibit cis-trams (geometrical) isomerism? 


(a) 2-butene (c) 2-butanol 
(b) 2-butyne (d) butanal 
A-39 


The Cannizzaro reaction is not given by: 
(a) trimethylacetaldehyde (c) formaldehyde 


(b) benzaldehyde (d) acetaldehyde 
A-40 
In the nitration of benzene using a mixture of conc. HNOs and conc. 
H2SO0; the active species involved is: 
(а) nitrate ion (c) nitronium ion 
(b) nitrite (4) nitrogen peroxide 
A-41 
Which of the following compounds does not dissolve іп conc. H2SO4 even 
on warming? 
(a) ethylene (c) hexane 
(b) benzene (d) aniline 
A-42 
Select the compound in which the oxidation number of chlorine is +5: 
(a) HCIO (b) HCIO2 
(c) HCIO; (d) HClO. 
A-43 
_ Crystalline substances that change into liquid on exposure to moist air are: 
(a) non-hygroscopic (b) deliquescent 
(c) highly volatile (d) non-volatile 
A-44 
Which of the following contains multiple covalent bonds? К 
(а) Br (Ha —— 


© № (d) СЬ 
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A-45 
Which one of the following gases is most soluble in water? 
(a) СО» (b) NH3 
(c) O2 (4) Оз 
А-46 
Which one of the following gases has the greatest rate of diffusion? 
(a) Н» (b) CO; „(с) NH3 (d) O2 
A-47 
Which one of the following substances conduct electricity even in solid 
state? 
(a) iodine (b) diamond 
(c) sodium chloride (4) CO; 
A-48 
How many grams of H202 are contained іп 0.6 moles of it? 
(а) 0.2042 (b) 2.04g 
(с) 20.4g (d) 204g 
A-49 
: Which one of the following has the highest pH value? 
(a) M H2S04 (6) 1M KOH 
(c) chlorine water (d) water containing carbon dioxide 
A-50 
Bell metal is an alloy of copper and: 
(a) tin (b) aluminium 
(c) zinc (d) nickel 
A-51 
The best conductor of heat and electricity is: 
(a) iron (c) aluminium 
(b) silver (4) copper 
A-52 
Which one of the following sulphates is insoluble in water? 
(а) Na2SO4 (b) CuSO, 
(c) BaSO, (d) K250; 
А-53 
| The metal that reacts with water at room temperature is: 
(a) Bi (b) Mg 
(c) Ca (d) Pb 
A-54 
The indicator used in the titration of oxalic acid and sodium hydroxide is: 
(а) methyl orange (5) phenolphthalein 
(c) methyl red (d) NHOH 
` A55 


- Aqua regia is: 
i (a) 1 part HCI and 3 parts HNO; 
(b) 3 parts HCI and 1 part HNO; 


Se 
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(с) 2 parts НСІ and 1 part NNO3 
(d) 3 parts HCI and 2 parts HNO3 


A-56 
Crimson colour imparted to flame is due to a salt of: 
(a) bromine (b) strontium (c) copper (d) calcium 
A-57 
Which one of the following compounds produces 503? 
(а) CaSO4 (b) Na2SO4 
(с) CuSO4 (d) Ее(504)з 
А-58 
The chemical formula of the ‘laughing gas’ is: 
(a) NO (b) N20 
(с) N204 (d) N20s 
A-59 
Which one of.the following is not an alloy of Al? it 
(a) alclad (b) magnalium M 
(c) duralumin (d) brass 
A-60 
The commercial name for calium hydride is: 
(a) lime (b) hydrolyth 
(c) slaked lime (4) calgon 
A-61 
The noble gas used in radiotherapy is: 
* (a) Kr (b) Ar 
(c) Ra (d) Xe 
A-62 
Which one of the following is colourless? 
(a) Mn?* ‚ (p) Cut 
(с) Cr+ (d) Fe?* 
A-63 
Which one of the following is the most electropositive element? 
(a) sodium (b) lithium 
(c) chlorine (d) potassium 
A-64. 


Which one of the following halogens can displace the remaini 
from their halides? 


(a) Fa (b) Cl 
(c) Bra (d) 12 
A-65 


Which of the following is used as an antiseptic? 


(a) chloroform (b) acetone, 
(c) iodoform .... (d) methyl alcohol 


ng three 
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A-66 

The general formula for aliphatic eithers is: 

(а) C&H2,0 (b) C;H2,,.10 

(с) C4H2,,20 (d) C;H2, 0 
A-67 

A paste of bleaching powder on heating with ethy] alcohol gives: 

(a) chloroethane (Б) acetyl chloride 

(c) ethylene i (d) chloroform 
A-68 

Which one of the following is used as an anaesthetic? 

(а) CH30CH; (b) CH30C2Hs 

(с) C2HsOC2Hs (d) CSH;OC;Hs 
А-69 


Which one of the following does not give silver mirror test on heating 
with ammoniacal silver nitrate? 


(а) acetaldehyde — ' (6) formaldehyde 
(с) acetic acid (4) formic acid 
A-70 s 
Which of the following is used for artificial ripening of green fruit? 
(a) methane d (b) propane 
(c) ethylene (d) acetylene 
A-71 


Which one of the following does not give a red precipitate with Fehling's 
solution? - 


(а) formaldehyde (b) acetaldehyde 
(c) propionaldehyde (d) acetone 
A-72 
Which one of the following has a smell of bitter almonds? 
(a) phenol (Б) benzoic acid 
(с) aniline (4) benzaldehyde 
A-73 
Phenol, on distillation With Zn dust, gives: 
(a) benzaldehyde (b) benzoic acid 
(c) benzene (d) toluene 
A-74 
` [n the compound Na28203, the Oxidation state of sulphur is: 
(a) —2 (b) +2 
(с) +4 2 (d) +6 
А-75 
Which one of the following does not yield oxide on heating? 
(а) ZnCO; (b) Na2co; 


(9 Caco; (d) Ag;CO; 
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A-76 
The mass of one Avogadro number of helium atoms is: 
(a) 1.00 (b) 4.00 g 
(c) 8.00 , (4) 4.0 x 6.02 x 1023 g 
А-77 
One gram equivalent оѓ a substance is the weight of that amount of sub- 


stance which is equivalent to: 


(a) 0.25 mole of oxygen 
(b) 0.50 mole of oxygen 
(c) 1.00 mole of oxygen 


(d) 8.00 mole of oxygen 
A-78 5 
10 ml of 1 M sodium hydroxide solution will neutralize: 
(a) 2.5 ml (b) 5 ml 
(c) 10 ml (d) 20 ml 
1 M of sulphuric acid solution 
A-79 
Which of the following oxides reacts with both НСІ and NaOH? 
(a) CaO (b) CO2 
(c) N20; (4) ZnO 
A-80 
The compound that contains both ionic and covalent bonds is 
(a) CH4 (b) H2 
(c) KCN (d)KCI 
A-81 


Arrange the following according to given instructions: 
(i) HI, HCI, HBr (increasing order of acid strength) 
(ii) Na, Li, K (increasing order of atomic size) 
(iii) Hg, Na, Cu (increasing order of density) 
(iv) Na, Cu, Zn (increasing electropositive character) 
(у) Bra, Cb, H2 (increasing boiling point) 
(vi) PbO, MgO, ZnO (increasing order of basic nature) 
(vii) Graphite, Cu, S (increasing order of electrical conductivity) 
(viii) HNO», H2S, HoSOs (decreasing order of reducing power) 
(ix) Zn, Al, Cu (increasing order of reactivity with HCI) 
(x) No, О», Cle (increasing order of boiling point) 
(xi) NH4NO;, Pb(NO3)2, KNO3 (increasing order of stability on heating) 
(xii) HCIO, HC104, HCIO; (increasing order of acid strength) 
(xiii) NO2, K20, ZnO (increasing order of basicity) 
(xiv) Al, Na, Fe (increasing order of reactivity with moist air) 
(xv) CO», CHs, C2HsOH (decreasing order of solubility in water) 
(xvi) NaxO, MgO, Al2Os (increasing order of basicity) 
(xvii) HNO3, HNO», NO» (increasing order of valency of nitrogen) 
(xviii) KCIO4, НСІ, KCIOs (increasing order of valency of chlorine) 
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(xix) Al, Pb, Fe (increasing order of density) 
(xx) Br, I, F, CI (increasing order of atomic size) 
(xxi) NaHCO;, Na2COs, CaCO; (increasing order of thermal stability) 
(xxii) AgCl, PbCb, NaCl (increasing order of solubility in water) 
A-82 


Indicate the nature of bonding in the following substances: 


(i) CaClz (ii) Ha 
(iii) H2S (iv) CO; 
(v) Diamond J (vi) NaCl 
(vii) SnCl, (viii) HCI (g) 
(ix) Metallic copper (x) СН, 
(xi) МНЇ (xii) ClO; 
(xiii) MgCl; (xiv) Calcium carbide 
(xv) Sodium hydride (xvi) Sodium sulphide 
(xvii) Ethylene (xviii) CCl, 
(xix) C2H2 (xx) K20 
A-83 
State the valency for the following: 
(i) Nitrogen in N20 (ii) Nitrogen in NO 
(iii) Nitrogen in N20s (iv) Nitrogen in NO2 
(v) Nitrogen іп N205 (vi) Nitrogen in N2 
(vii) Nitrogen іп Ca3N; (viii) Oxygen in H202 
(ix) Carbon in diamond (x) Mn in KMnO; 
A-84 
Indicate the oxidation state of the italicized elements: 
G) N2H2 (ii) CO? 
(iii) Ha ` (iv) NaNO2 
(v) KMnO, _. (vi) KCrO3Cl 
(vii) ВаС1› 
A-85 


Indicate the substances, if any, which are oxidised/reduced in the follow- 


ing reactions: 
(i) SO.+ Cla--2H;0 > 2HCI + S04 
Gi) N+N -> № 
(iii) 3Hg + 2b > Hgh + Hg 
(iv) Ca+ Hz > Сан 
(v) 4KCIO; > 3KCIO;4- KCI 
(vi) AIC +3K > AI--3KCI 
(vii) SO2+2H2S > 3S--2H;0 
(viii) BaCl2 + Na2SO4 -> BaSO4-- 2NaCI 
(ix) 312+ 6NaOH > NaIO; + 5Nal+3H20 
(x) NaH + H0 — NaOH +H2 


از 
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- (xi CdS --b > Cdb-S 
(xii) Si--2KOH + HO — K2Si03+2H2 
(ziii) СаСОз -> CaO + СО 
(xiv) 3HNO2 > HNO3+2NO+H20 
(ху) 2Pb(NO3)2 > 2РЬО +430: + O2 
А-86 
Complete and balance the following equations: 
(i) Al+ NaOH + H20 >... + Ha 
(ii) KMnO4 + KCI + H2504 > K2S04 + MnSO4- H20 4 
(iii) NaOH + CO? > Ма;СОз+... 
(iv) NaNO; > NaNO»4 ... 
(у) CaS + O2 >... +... 
(vi)... + ...> Cu + SO2 
(vii) Bra + OH- -> BrO-+...+H20 
(viii) Cr2037 +50: + H* +... + HSO7 +H20 
(ix) MnO? + C207 + H+ > Mn*++...+H20 * 
(х) NH4NO (heat) >... +... 
(xi) АІСІз + NaOH (excess) > NaCl +... + H20 
(xii) CuSO, + KI > CuzL +... + K2504 
(xiii) МпО; + Fe?+ + H* -> Mn*++...+H20 
(xiv) KCIOs (heat) >... +... 


heat 
(ху) Pb(NO3) — > PbO + O2+ ... 


BE А87 
jo 
| Write the chemical formula of each of the following: 
| (i) quick lime (ii) tale _ 
(iii) brimstone (iv) lunar caustic 
‚ (у) laughing gas (vi) baryta water 
3 (уй) alumina (viii) microcosmic salt 
E (ix) calomel (x) phosgene 
(xi) nitre (xii) chalk 
(xiii) litharge ; (xiv) chrome alum 
| (xv) oil of vitriol (xvi) corrosive sublimate 
(xvii) white vitriol (xviii) Epsom salt 
(xix) Green vitriol (xx) Glauber's salt 
‘ (xxi) Calcite (xxii) Magnetite 
| (xxiii) Plaster of paris (xxiv) Hypo 
(xxv) Marsh gas (xxvi) Galena 
(xxvii) Dolomite (xxviii) Red lead 
(xxix) Magnesite (xxx) Soda ash 
A-88 


ın Complete the following sentences by choosing the appropriate terms from 
Ose given within brackets: 
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(isomorphous, isotopes, allotro 


inert gases) 
(i) Са++ and Zn** are... 
(ii) Ne and He are... 


pes, peroxides, cations, complex ions, Metals, - 


(iii) KaSO4- Ab(SO4);-24H20 and (NHa4)2S04- Ab(SO4):: 24H20 are... 


(iv) Os and О; are... 
(у) H202 and Na:0 are... 


(vi) Sodium and magnesium are... 


(vii) C5 and CI? аге... 


(viii) Ag(NHs)* and Ag(CN)z are... 


A-89 
Fill up the blanks: 


(i) Two atoms of similar electronegativity would be expected to form 


а... compound. 


(ii) The oxidation number of chlorine in МаС1Оз is ... 
(iii) 5.6 litres of a monoatomic gas at S.T.P. contains ... atoms. 
(iv) For the isotope °C, the number of nucleons is .. 
(v) The shape of the methane molecule is ... . 
(vii) Two compounds that have the same molecular formula but different 


properties are called ... . 
(vii) The reaction of calcium carbi 


de with water produces ... . 


(viii) Oxidation is the ... of electrons. 


A-90 


Match the compounds with the colour: 


(i) CHCl; 
(ii) Pb3O4 
(iii) NO2 
(iv) CuSO4-5H20 
(у) Cle 
(vi) РЫ, 
(vii) Strontium salt 
(viii) Hydrogen burns in air 
A-91 
Match the following: 
(a) Nitric acid 
(b) Liquid NH; 
(c) Liquid O2 
(d) Graphite 
(е) CHCl; 
(f) Sodium thiosulphate 
(g) Diamond 
(h) (NH4)2SO, 
(i) Carbon 
(j) H20; 


(a) Colourless 

(b) Brown 

(c) Yellow 

(d) Blue 

(e) Greenish yellow 
(f) Red 

(g) Pale yellow 

(h) Crimson colour 


(i) Rocket fuel 
(ii) Conductor of electricity 
(iii) Solvent 
(iv) Photographic processing 
(v) Highly covalent material 
(vi) Fertilizer 
(vii) Bleaching agent 
(viii) Reducing agent 
(ix) Refrigerant 
(x) Explosive ' 
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A92 
` Account for the following. Limit your answer to one sentence for each: 
` ()) Bleaching of flowers by Clo is permanent, while bleaching with 502 is 
temporary. 
(ii) Nitric oxide becomes brown when exposed to air. 
(ii) H20 is a liquid while H2S is a gas at ordinary temperature. 
(iv) Although the molecules in a gas are moving about rapidly, a closed 
vessel of negligible weight, containing the gas, still does not move. 
_ (у) A. few drops of conc. HNO3 is added precipitating the hydroxides of 
the third group, in qualitative analysis. 
(vi) Aqueous solution of AICI; behaves acidic towards litmus while that 
of NaCl does not. 
(vii) Sodium is kept under kerosene. 
(viii) A small amount of acid or alkali is added to the electrolyte before 
3 electrolysis. 
_ (ix) СО» does not burn in air and does not support combustion, but a 
P burning Mg wire continues to burn in it. 
(x) Chloroform is stored in dark-coloured bottles. 


Ba PART B 
50 ml of a gaseous mixture of hydrogen and hydrogen chloride was ex- 
posed to sodium amalgam. The volume decreased to 42.5 ml. If 100 ml of 
mixture is mixed with 50 ml of gaseous ammonia and then exposed to 
water, what will be the final volume? Given that all the volumes are measur- 
at a same temperature and pressure. 
B-2 


0.44 g of a colourless oxide of nitrogen occupies 224 ml 

А \ рїез at 1520 mm of H 
and 273°C. Identify the compound. How much in grams does one x 
of this compound weigh? 
B-3 


A certain gas occupies 0.418 litre at 27°C and 740 mm of Hg. 
(i) What is its volume at S.T.P.? 

(ii) If the same gas weighs 3.0 g, what is its molecular weight? 

(iii) If we increase the weight of the gasto 7.5 g in the same vessel i.e. 
0.418 litre capacity and the temperature is reduced to 280 K, what 
Would be its pressure now? 

B-4 
A 2 litre glass vessel contains nitro i i 

g gen and water vapour in equimolecu- 

E os Proportions at a pressure of 10-3 mm mercury x. 303 K. рк rs () 

{ orn of moles of nitrogen and water vapour present, and (ii) the total 

sem og че тра mixture. Find the mass of the gas when the mixture is 


A compound exists in the | 
А gaseous state both as a monomer (A) and 
dimer (A2). The molecular weight of the monomer is 48, In an дыд» 
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96 g of the compound was confined in a vessel of volume 33.6 litres and 
heated to 273°C. Calculate the pressure developed, if the compound exists 
as a dimer to the extent of 50 per cent by weight under these conditions, 


B-6 

It was found that 300 ml of a gas at 27°C and 800 mm of Hg weighed 
0.455 g. Find the molecular weight of the gas. 

B-7 R 

180 ml of a hydrocarbon diffuses through a porous membrane in 15 minu- 
tes while 120 ml of SO2, under identical conditions, diffuses in 20 minutes, 
What is the molecular weight of the hydrocarbon? 

B-8 } 

A mixture, containing 1.12 litres of D2 at N.T.P. is taken inside a bulb 
connected to another bulb by a stop cock with a small opening. The second 
bulb is fully evacuated, the stop cock opened for a certain time and then 
closed. The first bulb is now found to contain 0.05 g of H2. Determine the 
percentage composition by weight in the second bulb. (At. wt. : H= 1 D=2) 
B-9 

One litre each of Oz and Ho are taken in a vessel of 2 litre capacity at 
N.T.P. The gases are made to combine by aplying an electric spark. Assum- 
ing that water is formed quantitatively, how many grams of water are 
formed? What is the other component present in the vessel and of what 
weight? If the vessel is now heated to 100°C, what will be the total pressure 
inside the vessel in mm of Hg? 

At. wt. : H=1 
0-716 
R=0,082 litre atm/deg/mol 
B-10 


Calculate the relative rates of diffusion of 25UF¢ and 2380ЈЕ; in gaseous 
fotm. (At. wt. of F = 19) 


B-11 


How many millilitres of concentrated sulphuric acid of specific gravity 
1.84 containing 94% HSO, by weight are required to prepare 200 ml of 
0.5 N sulphuric acid? 

B-12 


1.00 g sample of H20 solution containing X per cent of H202 by weight 
requires X ml of KMnO; solution for complete oxidation under acidic con- 
ditions. Calculate the normality of the KMnO; solution. 


B-13 

A bottle of commercial ршде acid (density = 1.787 g/ml) із. labelled 
as 86 per cent by weight. What is the molarity of the acid? What volume 
of the acid has to be used to make 1 litre of 0.2 M H2504? 
B-14 


(a) A zinc rod weighing 25 g was kept in 100 ml of 1 M CuSO, solution. 
After a certain time, the molarity of Cu** in the solution was 0.8. 
What was the molarity of SO4--? What was the weight of Zn rod 
after cleaning? 
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(b) If the above experiment is done with a copper rod of weight 25 g and 
— — 50 ml of 2 М ZnSO, solution, what would be the molarity of Zn** at 
the end of same interval of time? 


B-15 


What is the molarity and molality of a 13% solution (by weight) of 
H2504 of density 1.090 g/ml. To what volume should 100 ml of this acid 
be diluted in order to prepare a 1.5 N solution? 


B-16 


Calculate the total number of electrons present in 1.6 g of methane. Take 
Avogadro’s number = 6.02 x 1023, 


B-17 


10 ml of a gaseous hydrocarbon was burnt completely in 80 ml of O2 at 
-N.P.T. The remaining gas occupied 70 ml at N.T.P. This volume became 
50 ml on treatment with KOH solution. What is the empirical formula of 
hydrocarbon? 


B-18 


‚ What volume of oxygen gas at S.T.P is necessary for complete combus- 

v о 20 litres of propane (CH3—CH2—CHs) measured at 27° and 760 mm 
8 

B-19 


‚ One litre of an acidified solution of KMnOs containing 15.8 g of KMnO4 
18 decolorised by passing sufficient amount of SO2. If SO2 is produced by 
Toasting of iron pyrites (FeS2), what will be the amount of pyrites required 
to produce the necessary amount of SO2? 


B-20 


Nine volumes of a gaseous mixture consisting of a gaseous organic com- 
pound A, and just sufficient amount of сота for тщн com- 
bustion yield, on burning, 4 volumes of CO», 6 volumes of the water vapour 
and 2-volumes of №, all volumes measured at the same temperature and 
Pressure. If the compound A contained only carbon, hydrogen and nitrogen 

i) how many volumes of oxygen are required for complete combustion? 
(ii) what is the molecular formula of compound A? 
B-21 


500 cc of a gaseous hydrocarbon burnt in excess of ox i 
ag 0 ygen yield 2500 cc 
carbon dioxide and 3.0 litres of water, all the volumes being measured at 
Same temperature and pressure. What is the formula of the hydrocarbon? 
-22 


One gram of an alloy of aluminium and magnesium reacts with ex 
"Hire: cess of 
hydrochloric acid to form aluminium chloride, magnesium chloride and 
"4 E: The hydrogen collected over mercury at 0"C, occupied 1200 ml 
ia 9 mm of Hg. What is the composition of the alloy? 

-23 


-. 25.4 g of iodine and 14,2 i i 
Ё С .2 g of chlorine аге made to react completely + 
ns e of ICI and ICls. Calculate the ratio of the moles of ICi and 


B 


Й 
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B-24 
Brass is an alloy of copper and zinc. A sample of brass weighing 5.793 g 
when treated with an excess of dilute sulphuric acid gives 324 ml of dry 
hydrogen at 20°C and 750 mm of Hg pressure. What is the percentage by 
weight of copper in the alloy? 
B-25 
Compound A is a greenish crystalline salt which gives the following results 
when tested: 
(a) Addition of BaClz solution to a solution of A results in the formation 
of a white precipitate B, which is insoluble in dil НСІ. 
(b) On heating, water vapour and two oxides of sulphur, C and D are 
liberated, leaving a red brown residue E. 
(с) E dissolves in warm conc. НСІ to give a yellow solution Е. 
(d) With H2S, the solution F yields a yellowish-white precipitate С, which 
when filtered leaves a greenish filtrate H. 
Identify the substances A to Н. 
B-26 
An organic liquid (A), containing C, H and O with boiling point 78°C 
and possessing a rather pleasant odour, on heating with concentrated sul- 
phuric acid, gives a gaseous product (B) with the empirical formula, CH». 
В decolourizes bromine water as well as alkaline КМпО; solution and takes 
up one mole of H2 (per mole of B) in the presence of finely-divided nickel 
at high temperature. Identify A and B. 
B-27 
Compound A is a green, crystalline solid. It gives the following tests: 
(а) It dissolves in dil. Н.504. No gas is produced. 
(b) A drop of KMnO, is added to the above solution. The pink colour 
disappears. 
(c) A is heated strongly. Gases B and C with pungent smell come out. 
A brown residue D is left behind. 
(d) The gas mixture (B and C) is passed into a dichromate solution which 
turns green, 
(e) The green solution of step (d) gives a white precipitate E with a. solu- 
tion of barium nitrate. 
(7) Residue D from step (c) is heated on charcoal in a reducing flame. 
It gives a magnetic substance E. 
Name the compound A to E. 
B-28 
One mole of a hydrocarbon (A) reacts with one mole of bromine giving 
а dibromocompound CsHioBr;. ‘A’ on treatment with cold, dilute alkaline 
KMnO; forms CsHı202. On ozonolysis A gives equimolar quantities of pro- 
panone and ethanal. Deduce the structural formula of A. 
B-29: 


A mixture of FeO and Fe3O, when heated in air to a constant weight, 
gains 575 in its weight. Find the composition of the intial mixture. 
B-30 

A sample of gaseous hydrocarbon occu ying 1.12 litres at N.T.P. when 
completely burnt in air produced 2.2 g of Со» and 1.8 g of H20. Calculate 


the weight of the compound 
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taken and the volume of O2 at N.T.P required 


for its burning. Find the molecular formula of the hydrocarbon. 
B-31 
From 200 mg of CO», 10?! molecules are removed. How many moles of 
CO» are left? 
` В-32 


Naturally occurring boron consists of the isotopes whose atomic weights 
are 10.01 and 11.01. The atomic weight of natural boron is 10.81. Calculate 


the percentage of each isotope in natural boron. 
B-33 

One gram of an alloy of aluminium and magnesium when treated with 
excess of dilute НСІ forms magnesium chloride, aluminium choride and 


hydrogen. The evolved hydrogen, collected over mercury at 0°С, has а 
volume of 1.20 litres at 0.92 atmospheric pressure. Calculate the composi- 


tion of the alloy. 
B-34 

A sample of a volatile compound, weighing 0.22 g, containing carbon, 
hydrogen and chlorine only, yielded on combustion in oxygen, 0.195 g CO2 


and 0.0804 g H20. 0.120 g of compound occupied a volume of 37.24 ml 
at 105°C and 768 mm of Hg pressure. Calculate the molecular formula of 


the compound. 


. B-5 


What weight of AgCI will be precipitated when a solution containing 
4.71 g of NaCl is added to a solution of AgNO3? 1 
B-36 

Which of the following has the highest mass? 

(i) 20 g of phosphorous 
(ii) 5 moles of water 


(iii) 2 equivalent weights of Na2COs 
(iv) 12 x 10% atoms of hydrogen 


B-37 
A current of 4.7 A is passed for 6 hours between nickel electrode in 0.5 


litres of a 2 M solution of Ni(NO3)2. What will be the molari - 
tion at the end of the electrolysis? arity Chapa 


B-38 


Igniting MnOz in air converts it quantitatively to Mn3O. 

pyrolusite is of the following composition: d Oe. A данын: 

Mads, 80% SiO: i other inert constituents, 15%, rest being water 
e sample is ignited in air to constant weight. What i of 

Mn in the ignited sample? s is the реге of 


B-39 


How many moles of sodium propionate should be added to i 
M aqueous solution containing 0.020 mole of propionic acid 8 ну 
putter solution of pH 4.15? What will be the pH if 0.010 mole of НСІ is 
oe sA Sa above buffer solution? Compare the last pH value with the 
Жн P oe molar HCl solution: K, at 25°C for propionic. acid 
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‘B40 ^ | | 
The enthalpy for the following reactions (АН?) at 25°С are given: 
}Ha(g) + 402(g)->OH(g); 10.06 kcal 
H2(g)->2H(g); 104.18 kcal 
Ox(g)20(g); 118.32 kcal 
Calculate the O—H bond energy in the hydroxyl radical. 


ANSWERS 
PART A 
А-1 (d) A-28 (c) A-56 (b) 
А2 (с) A-29 (b) A-57 (d) 
А-3 (4) А-30 (а) ` s1 A-58 (b) 
A-4 (a) A-31 (b) A-59 (d) 
A-5 (a) A-32 (b) A-60 (b) 
A-6 (a) A-33 (a) A-61 (с) 
A7 (0 А-34 (b) A-62 (b) 
А-8 (b) A-35 (6) A-63 (d) 
A9 (b) A-36 (d) A-64 (a) 
A-10 (a) A-37 (a) A+65 (c) 
, AN E) A-38 (а) ; А-66 (а) 
A-12 (d) А-39 (4) А-67 (4) 
A-13 (6) A-40 (c) A-68 (c) 
A-14 (с) А-41 (с) А-69 (‹) 
А-15 (c) А-42 (с) A-70 (d) 
A-16 (b) ` K-43 (b) zi A-71 (d) 
A17 (a) A-44 (c) A-72 (4) 
A-18 (c) A-45 (b) A-73 (c) 
A-19 (b) A-46 (a) A-74 (b) 
А-20 (4) `А-47 (с) A-75 (b) 
A221 (a) A-48 (c) A-76 (b) 
A22 (a) A-49 (b) А-77 (a) 
A-23 (4) A-50 (a) A-78 (b) 
А-24 (d) A-51 (b) A-79 (4) 
А-25 (a) A-52 (c) A-80 (c) 
А-26 (d) A-53 (c) 
A-27 (c) A-54 (b) 
A-55 (b) 
A-81 
) HT < HBr < HCl (y) Н < Ch < Br 
(ii) Li < Na < K (vi) ZnO < PbO < MgO 
(шу Ма CU, Hg (vii) S < graphite < Cu 


ў ` (i Cu < Zn < Na `` (iii) HoS < Н250з < HNO3 


ry 


fe 1 0. МСЖ 


Е аи а EIER 


` (i) Cu < Zn < Al 


(x) N2 < O2 < Ch 
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(xvi) АЪОз < MgO < Na20 
(xvii) HNO2: < NO2 < HNOs 


(xi) KNO; < Pb(NOs)2 < МНМО; (хуш) HCl << KClOs < КСЮ; 


сонсо < HCIO; < HCIO, 


(xiii) МО < ZnO < K20 
(xiv) Al < Fe < Na 
(ху) CAHsOH < CO» < CH4 
A-82 
(i) ionic 
(ii) covalent 
(iii) ionic 
(iv) covalent 
(v) covalent 
(vi) ionic 
(vii) covalent 
(viii) covalent 
(ix) metallic 
. (x) Covalent 
A-83 
(i) +1 
(ii) +2 
(iii) +5 
(iv) +4 
(у) +3 
A-84 
(i) -2 
(ii) +7 
(iii) 0 
(iv) +3 
A-85 


(xix) Al < Fe < Pb 

(xx) F< СІ < Br'cl 

(xxi) NaHCO; < СаСОз < М№а:СОз 
(xxii) AgCl < РЬС < NaCl 


(xi) covalent 
(vii) covalent 
(xiii) ionic 
-(xiv) ionic 
(xv) ionic 
(xvi) ionic 
(xvii) covalent 
(xviii) covalent 
(xix) covalent 
(xx) ionic 


(vi) 0 

(vii) —3 

(viii) —1 
(ix) 0 
(x) +7 


(v) +7 
(vi) +6 
(viii) +2 


(i) 502 is oxidized to HoSO4 and Ch is reduced to НСІ. 
(ii) There is neither oxidation nor reduction. 
(iii) Hg is oxidised to Hela and Hgab. 


(iv) Ca is reduced to CaH». 


(v) KCIO: is oxidised to KC1O«. 


(vi) К is oxidised to K*!Cl and AI*?Cls is reduced to АР. 
(vii) H2S- is oxidised to S? and 5+0 is reduced to $°. 


(viii) Since there is no change in the oxidation number of any atom, there- 
fore, none is oxidised or reduced. 


(ix) 1° is oxidised to NaI5*O; and 19 is reduced to Nal-!, 
(х) NaH” is oxidized to H9 and Н}!О is reduced to но 
(xi) CdS” is oxidised to S? and 19 is reduced to CdI!-. 
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(xii) Sio is oxidised to KaSi**Os and H}'0 is reduced to н? 
(xiii) Since there is no change in the oxidation number of any atom, there- 
fore, none is oxidised or reduced. 
(xiv) HN**0? is oxidised to HN*502 and H?*NO» is réduced to №20 
` (xv) [NO;?]" is oxidised to O9 and N +507 is reduced to N**0». 
A-86 А 
(i) 2A1--2NaOH + 2H20 > 2NaAIO;-- 3H2 


(ii) 2KMnO4+ 10KCl+ 8K2804 — 6K2S04 + 2MnSO4+ 8H20 + 5C; 
, (iii) 2NaOH + CO; > Na2CO3+ H20 


heat 
(iv) 2NaNOs——NaNO:--0; 
(у) 2Cu2S + 302 > 2Cu20 +280» 
(vi) 2Cu20 + CuoS > 6Cu-- SO; 
(vii) Br2+20H- > BrO--- Br---H;O 
(viii) Cr202- + 3802 -- 5H* -> 2Сү3+ + 3HSO; +H20 
. (ix) 2MnOz + 5C201---5H* -> 2Mn?* + 10CO; +8Н2О 
(х) NH4NO» (heat) > N2 + 2H20 
(xi) AlCl; +4NaOH -> зМаСі+ NaA1!O» + 2H20 
(xii) 2CuSO4+ 4KI > Си++ K2S04 
(xiii) MnO; + 5Fe**--8H* -> Mn++ + 5Ее+++ + 4H20 
(xiv) 2KCIO3 (heat) > 2KCI-- 30; 


3 heat 
(xv) 2Pb(NO3), ——52PbO + 02+4NO, 


A-87 
(i) CaO (xv) Н:50; 
(ii) 3MgO‘4Si02۰ H20 (xvi) HgCh 
(iii) sulphur : (xvii) ZnSO4-7H20 
(iv) AgNO; (xviii) MgSO4-7H20 
(v) N20 (xix) FeSO4-7H20 
(vi) Ba(OH)2 (xx) Na2504: 10H20 
(vii) AbOs (xxi) СаСОз 
(viii) Na(NH4)-HPO,:4H20 (xxii) Fe203 
(ix) HgCh (xxiii) 2CaSO4- H20 
(х) СОС (xxiv) Na2S203-5H20 
(xi) KNO; (xxv) CH, 
(xii) CaCO; (xxvi) PbS 
(xiii) PbO (xxvii) €aCO3:MgCO; 
(xiv) K2804* Cr(SO4)s-24H;0 (xxviii) Pb3O4 
(xxix) MgCO3 
(xxx) Na2CO; 
A-88 
G). Cations ` (v) Peroxides 
(ii) Inert gases (vi) Metals 


(iv) Allotropes (viii) Complex ions 


\ (iii) Isomorphous (viii) Isotopes 


89 -— 


P A€- 


(i) (а) (у) (е) 
(ii) (f) ; (м) (0. 
(ш) (5) — ' (vii) (A) 
(v) (d)  - (viii) (g) 


d A-91 cs 

(a) Q9) (£) Gv) 
— (b) (ix) (g) (v) 
` (o) (h) (vi) 
4) с) (i) viii) 
Dp = C) (ii) 
= 7A&-92 


d 


(iii) Because of hydrogen bending in H20 


particular direction ? 
(у) HNO; oxidizes ferrous to ferric 
(vi) AlCl; hydrolyses giving HCI 


(viii) To make water electrically conducting 


.2Mg+CO2 > 2MgO 4 C- 
(x) CHCI; reacts wiih moisture in sunlight. 


Sunlight 
CHCl; + НО ——> COCh+2HCI 


PART B 


` B-1 70 ml 
B-2 N20, 7.30 x 10-33 р - 
B-3 (i) 0.3704 litre : 

(i) 181.14. 
(iii) 2.27 atm. { Д 
B-4 (i) 0.529 х 1077, 0.529 x 10-7 

(ii) 24.33 x 1077 g, 14.81 x 10-7 g 
B-5 2 atm : 
B-6 28. 
B-7 16 


` ) Covalent | (v) Tetrahedral 

(ш) +5 (vi) Isomer 

— (ii) 1/4x 6.023 x 103 - _ . (vii) Acetylene and calcium hydroxide 
(iv) 13 ` é R (viii) loss 


(i) СЬ bleaches the colour by oxidation but SO2 bleaches by reaction 
(ii) Because of NO» formation which is brown in colour 


(iv) Motion of molecules is at random, therefore, no net force in any 


(vii) Because sodium reacts with air and moisture of the-atmosphere 


(ix) Mg reduces СО» to C, hence the wire continues to burn 
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B-8 Н: 41.7% 
D2: 58.3% / 
B-9 0.8 g,778.3 mm of Hg 
B-10..1:0043 : 1.00 
B-11 2.72 ml 
B-12 0.059 N 
B-13 12.73 ml 
B-14 (а) 1M, 23.692 gm (5) 2M 
B-15 Molarity © 1.44 


olarity = 1.52 
olume = 192 ml 
B-16 6.02 x 1023 
B-17 СН; 
B-18 91 litres 
B-19 15g 
B-20 (i) 7 volumes (ії) СНМ 
B-21 CsHi2 


B-22 % of Al : 54.77 
| % of Mg : 45.23 


B-23 1:1 
B-24 85.03% 
B-25 A is FeSO4 E is Fe203 
B is BaSO, F is FeCl; 
C is SO; Giss 
D is SO; Н is FeCl 
. B-26 A is СНОН e 
; В is C2H4 
B-27 A is FeSO4-7H20 Dis Fe203 
B is SO; E is Fe 
C is SO; 
B-28 CHs—C- CH—CH; 


CH; 
B-29 FeO : 20.2%, Fe304: 79.8% 
В-30 16 gm; 22.4 litres, CH4 
B-31 2.88 x 10-3 moles 
B-32 Isotope of mass 10.01 is 20% and the other is 80% 
`В-33 Weight of Al=0.566 gm 
Weight of Mg = 0.434 gm 
В-34 СНС 
`В-35 4.87 g 
B-36 equivalents of Na2CO; 
B-37 1.172 - 
B-38 59.4 9; 
B-39 4.09, For HCI in H20, pH - 2 
B-40 —101.19 kCal mol-! 
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MATHEMATICS 


PART A 


the correct alternative in each of the following. 


he area of the-triangle with vertices at (~4, — p, (1, 2), (4, —3) is: 
(a) 17 sq. units (b) 18 sq. units 


15 i d) none of these 
z 5d units (d) 


The area of the quadrilateral with vertices at (2, —1), (4, 3), (71, 2), 


—2) is: 


D 24 sq. units (b) 18 sq. units 
(с) 14 sq. units (d) none of these 


The vertices of a triangle are at (0, 0), (3 ,0) and (0, 4). Its orthocentre is: 
(à (5-4) | (b) (4,2) 
(c) (0, 3) (d) (0, 0) 


The lines x?— 3y? =0 and x = а enclose a triangle that is: 
(a) equilateral (b) right angled 

(c) isosceles with base angles equal to 30° 

(d) none of these 


The length of the tangent from (5, 1) to the circle 
xt y? 6x—4y—3=0 is: 
: (b) 14 


(с) 7 : о 


єй 
ES st 


~ The straight line passing dios а point of intersection of the Sem 

lines x-3y+1=0 and 2x+5y—9=0 infinite slope 

ре of 2 units from the = is: panies 29 pons 

a) x=2 . Ф) 3х-4у=5 _ 

e у=2 2 (ad) х+у=12 ., 
} зә s 


. The расе between 6x--8y— 15 =0 and Sr t is: 


РЕА ciu F B Р, ЖЧ 
ч МЕ кш F х 
к у т 
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A-8 
sin 3x cos 3x 


5 is equal to: 

sinx cosx , 

(a) 4 ^ (b) 2 

(c) 1 (4) none of these 
A-9 

The greatest value of sin 0--cos 0 is: 

(а) 1 (b) 2 

(с) V2 (d) 0 
A-10 


Given x cos 0 = y cos (8+120)=z cos (0 +240°), then the value of 


xy+yz+ zx is: 


(a) 0 (5) 1 
(c) -1 (d) 2 
A-11 
"The equation (a+b)? sec? x = 4ab is possible only for: 
(a) a=0 (b) b=0 
s()azb (d) a=b 
A-12 
The equation y=3 sin x -4 cos x has a real solution if: 
(a)|y| <5 (b у<5 
(с)у<5 (4) у> 5 
А-13 
If sin 20=cos 30 where 6 is an acute angle then sin 0 equals: 
(a) ee (Б) агаи 
V5 +1 -V5 +1 
oO (а) уч 
А-14 : 
In A ABC, cosec A(sin B cos C+ cos B sin C) is equal to: 
(a) 1 (b) 0. 
(с) —1 (4) none of these 
A-15 


4 


tan 5х — tan 3x— tan 2x is equal to: 
(a) tan 5x tan 3x tan 2x 
(b) —tan 5x tan 3x tan 2x 


(c) tan 5x tan 3x —tan 3x tan 2x — tan 2x tan 5x 
(d) none of these 


A-16 
sin (180 +¢) sin(180 —$) cosec? is equal to 
(a) 1 (b) -1 


(c) 0 | (4) © > 
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0 х-а х-а 
х+а 0 x—c |=0, is given by 
x+b х+с 0 b ad 
@ x=0 | (b) х=а 
© x-b (4) х=с 


In A ABC, АВ=5 units, АС=12 units and BC=13 units. The distance 
of A from BC 

` (а) 60/13 units (b) 25/14 units 

(c) 60/17 units (d) none of these 

-19 


The term with the highest numerical value in the expansion of (1 + 4х)# 
when х = 1/3, is the 


(a) sixth. (b) fifth _ 
x (©) fourth (4) third 


a a x 
A= m. т т |, еп the roots of A =0 are given by: 
b xb 
(а) x= a, x^ m SET (b) х=а, х=Ь 
(b) х= -a, х= =b (4) х=0, х=т 
B 
- The value of deteriminant 
265. 240 219| .— 
240 225 198 | is equal to 
219 198 181 Я 
B 2 uM OS (d) 4 
If o is a complex cube root of unity, then the value of 
(3 +.w?+ w4)6 is equal to: 
(а) 0 (b) 49 
EOM cs n uus ac (dM | 
js roam ingen оне) ; then m must be а multiple of: 
А (b) 4 
) 5 = | (7 
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A-24 
h 
If the cube roots of unity are 1, w, &?, then the roots öf the equation 
(x—1) 48-0 are 


AL o (195 1.9, ea? 
(с) —1, 1-20, 1-20?) " (d) 1, w, 1— w? 
A-25 


If w is a complex cube root of unity, then the value of 
atbw+cu?  atbw+cw?. jio: 
БХ coast" сао + bo equal To: 


(a) 0 (b) 1 
(с) —1 (4) 2 
А-26 
фе, ҮШ 
í нул) gives the smallest integral value for: 
куп 
 (@а)п=4& (b) n=6 
(c) n=8 (d) n=10 
A-27 
If p=(i+-V3)/2, then p? is equal to: 
(a) i (b) -i 
(c) 1 (d) -1 
A-28 
_ In the complex plane, the set of points defined by the equation | Z | =1 
is a/an: ` 
(a) circle (b) straight line 
(c) ellipse (d) parabola 
A-29 
If а, В аге the roots of ax?+ bx -- c — 0, then the equation whose roots 
are «^! and f^! is: 
(а) ax? -2bx  e-0 (b) ax* —-bx—c =0 
(c) cx?+bx+a=0 (d) bx* - ax - c0 
A-30 
If x= (1 +(1 +(1 + ...)12)1/2)1/2, then the value of x is equal to 
1-v5 V5 
с o. egg 
@ 3. (1 
A-31 
Св m^ terms of the series 3+ 10 -- 17-- ... and 63+65+67+... are equal 
(а) т=5 (b т=7 


(с) т=9 (4) т=13 
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A-32 
If y=1+x+2x7+23+-..., then 
ES a 
(а) x= y ; (b) x E 
(c) x- 7-1 (d) none of these 
y 
A-33 


If A, G and H are respectively the arithmetic, geometric and harmonic 
means of two numbers x and y, then 


(a) A=GH (b).G- AH 
(с) 4- УАН (d) H - AG 
A-34 


If H is the harmonic mean of p and q, then the value of 
1 1 


H-p E Hc d 18: 
(а) 0 (b) 1 
+9 j 
EE 2,24. 
(c) pq (а) 77) 
A-35 
If a, b and c are in G.P., then logep, logsp, logep are in: 
(a) А.Р. (b) G.P. 
(c) H.P. ; v: (d) none of these 
A-36 
The number of terms in the expansion (1 + 5/2 x) *(—54/2 xy are: 
(a) 5 (b) 7 : 
(c) 9 (d) 10 
A-37 
A polygon has 44 diagonals, the number ОЁ its sides is given by: 
(а) 7 (59 
(с) 11 (d) 13 
A-38 j 
The value of “c$ 29-)С› is equal to: 
(а) ACs (b) 9C; \ 
(с) ЭС, (d) С 
А-39 
If 7 points out of 12 lie on the same strai i : 
' les formed by them is equal to: aede ine x: number Of trlang- 
(a) 144 P (b) 185 
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А-40 
lim T is equal to: 
X0 
(a) 1 (b) 0 
((:) o А (4) т/2 
А-41 
If f(x)= ! x i , then f(x) is discontinuous when: 
. (a) x=a (b) x < a 
(c)x>a (4) х=1 
A-42 


All the points on the curve у= \/'х-+Езїп x, at which the tangent. is 
parallel to x-axis lie on a | an : 


(а) straight line (b) circle 
(c) parabola (4) ellipse 
A-43 
The function sin-!4/ x is defined in the interval: 
(а) (-1, 1) (6) (0, 1) 
(1,0) (d) (—1, 2) 
A-44 


фа) = ZÎ , then lim ф(х) is equal to: 


(а) a log b (b) logab 
(c) loge (d) a/b 
A-45 
The extreme value of x!/* is: 
(а)е (b) elle 
1 1 Y 
© (+) (+) 
A-46 
The minimum value of L log x is: 
(a) L (de 
(c) 1 (4) e? 
A-47 


If f(x)= sin aoe is an increasing function, then 


(a) 77/3 < х < 7/3 (b) —r|3 < x < 0 
(©0 < x < 7/3 (4 —r < x <r 


= +x) < x, then 
E: И-түү; < log (1 х) < х 


b)x <0 
Н E : e р = infinity 
24-49 
. The value of lim 
x0 
(a) 2 (b) 1 
UN (c) 1/2 (d0 i 
` A50 
А lim 4*(3!/^ — 1) is equal to: 


eq) is 


(a) 0 . Ф) о 
004/3 (4) 3/4 
00 A51 


lim lr is equal to: 
@ + Ot 
EU: | (d) 1 
5 
Diterenttion of og (FE w.r.t. x is: 
1 
© 0-5) ave 
35M ЕЗ 
‘ (с) pos = @ I 
К A-53 š 
The value or [шаў cong af ie: 
у 4 ; SA 
СЕ ; + ® oe 
—— a js ad 
A-54 
The value of [ 1tlos x dx is а 
MEE 
(а) > 1 
E Ў () > 
(с) е ee л 
а 
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A-55 

If dq Eu = kr, then k is: 

1 Б \ 2 

M (2) 2V/3- 

A-56 
Mm MRI ху АДИ 

The value a poca wa dx is: 

(а) 1 (Б) 7/2 

(c) 0 (d) 7/4 
A-57 


The area within the curve 
| x|+|y|—4=0 is: 


(a) 24 (5) 32 
(c) 36 (d) 40 
A-58 | 
If [лә dx - 0, then 
(а) fir- x) = f(x) (6) f@—x) = —/(х) 
(с) f(r +x) = f(x) (d) f@+x)= -/(х) 
A-59 


[тз dx . 
[sion equal to: 


(a) + log (1) (5) log (—1) 
(c) log V 3 (4) log 3 
A-60 


If a--btc-0,1a1 73, Ibi =5, [е1 =7, then the least angle bet 


ween à and b is: 


@ 2 () 
o OE 
A-61 
ie Gx D+ felix р is equal to 
(a) 0 (5)1 
(c) -1 (2)3 
A-62 
If a, b and c are any three coplanar unit vectors, then 
(а) a«(bx c) 21 (b) (axb)*c- 0 
(с) (axb) xc» 1 (d) (axb)xc=0 
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Two identical dice marked 1 to 6 are tossed together. The probability 
` of the total being equal to 7 in a single throw is: 


2 
СЕ E 0 x 
: 1 
CES a) + 
__A person draws a card from a pack of 52 cards, replaces it and shuffles 


_ the pack. He continues doing this until he draws a spade. The chance that 
- — he will fail first two times is: 


9 1 
(а) тє (5) 16 
0) OEA 


a-3i—K and b= i+2j, are the adjacent sides of a parallelogram. Then 
the area of the parallelogram is: р i 


VT E v3 

(a) MICH (b) ELET 
=: 95 дас. 

(с) : (4) V7 
Fill in the blanks with suitable substitutions 


A-66 


1 4 20 


Ey т-у тау 


I-y 1+у 1-у =0, then the values of y are ... and ... 


I-y  !-y  1ty 


_ The equations xd 

| 3x-2y+2=0 
Ах-14у+152=0 00 

SINN х1 Iya 3 m WEE 
| Will have non-trivial solution when A=... ^^ — 3 
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A-69 

The sum of the coefficients of the polynomial (1 +x- 2:318 i5... 
A-70 

If y- "(s i) and f'(x)-sin x2, then Z- Ki 


A-71 

If cos 0 —sin 0= vV 2 sin 0, then cos 0--ѕіп 0=... 
A-72 

If sin x +sin x= 1, then cos? x +cos* x=... 
A-73 


The equation sec? 0 = a+ is possible only when.... 
A-74 


If 7 sin? «+3 cos?a—4=0, tan a=... 
A-75 
If x-- y - 8, the maximum value of xy is... 
A-76 
The function (x— x2— y — 4) is decreasing in the interval (a, b). Then 
a=...and b=... 
A-77 
т|4 
| e**(sin 2x+cos 2x) dx=... 


0 
A-78 
The area enclosed within the curve 
Ixtct 11у] =118... 


А-79 
The vector a x (b x a) is prependicular to ... 
A-80 
If" isa unit vector making an angle of 45° with the z-axis and 


(n4 £4j) is also a unit vector, then n... 


/ 


PART B 
B-1 
(a) Prove that 
cot 7*2 /2 нуз + 4/6 
(b) If a cos A — b sin A=c, prove that 
а sin A +b cos A= уа 
(c) If (sec «+tan о) (sec B+ tan B) (sec у + tan y) 


= (sec « —tan а) (sec B — tan В) (sec y—tan y) 
prove that each side equals 4-1. 
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(d) lf A+ B=m and A—B=n, find the value of tan 24 and tan 2B in 


terms of m and n. 
(е) If sin 9+cosec 8 — 2, prove that 
sin"? + соѕес" = 2 


. B2 
(a) If m tan «9 — 30°) =n tap (0+ 120°), prove that 


m+n 
cos 20 Эта) 4) 


(Б) Prove that 


cos 80 sin 80 
. (c) If « and B be two distinct values of 0 lying between 0 and 27 which 


satisfy 3 cos 0 +4 sin 0— 6-0, prove that 


а 


: 24 

sin (х +В) = 25 

(d) Prove that 

(A-sin A) < (B~ sin B) provided 
02 ЯВ mm 

(е) The bisector of L4 of AABC meets the base BC at L.. Show that 


Ру 19 4 
а (2) оов 2 


(a) The angular elevation of a tower CD at a place 
and at a place B due west of A is 18°. If AB=a, 
height of the tower is T yo SIRE 


due south is 30* 
show that the 


B-3 


ENT Gor KC vts {> А dx, 
VIVE RE 
(b) Draw the graphs of sin 2x and cos x for x between 0 and 7. Hence 
prove that 7/6, 7/2 and 57/6 are the roots of the equation 
j sin 2x-cosx UE ү; S р ee 
* inni ORS 29 SE HIRV Де & Yo) ae > у^ 
(с) Sketch the graph in the xy-plane corresponding to the set 
; x > 0, y > 0,х2+)2-2у € 0, y < sec x 
(d) Ifsin «= sin Ê and | uh s 
cos «= cos B, prove that de 


atis am «tug p 
«=2пт+ В, nel е 


jacet linus 


(f) Within what its must 


Question Bank 


B-4 


(a) If the arithmetic mean between two number is twice as great as 
their geoinetric mean, show that the ratio of the numbers is 


2+۷3 :2- 3 


(b) If the (m+1)", (n+1) and (r-- 1)'h terms or an A.P. are in С.Р. 
and m, n, r are in H.P., show that the ratio of the common differ- 
ence to the first term in the A.P. is —2yn. 


(c) Sum to infinite terms 
1 1 1 


L33'3x52'$73*7 


+1 1 
(d) If La ad be the harmonic mean between a and b, show that 


m-.]l. 
(e) If x, y and z are in H.P., show that 
log (x +z)+log (x-2y+z)=2 log (x —z) 


(f) The p'*, g and г terms of an Н.Р. as well as a С.Р. are a, b and 
с respectively. Prove that 


a(b — c) log a+ b(c — a) log b--c(a—b) log c- 0 


B-5 А 
(а) If 1, о, в? are the three cube roots of unity, prove that 
(a+b +c)(a+ bo + со) (а ba? + cw) = a b+ e 


(6) Show that the origin and the complex numbers represented by the 
roots of the equation 
‚2°+а7+Ь=0, 
form an equilateral triangle if 
a*=3b 
(c) If arg Z,Z2=arg Zi +arg Zo--nr 
Show that 
n=0, if-7 < arg Zitarg 22 < v 
n=1, if -2r < arg Zitarg Z2 < —-т 
(d) Find the rea] value of «, such that 
1-isin« ^ 
1+2 sin « 


| 
| 


D h 
| 


is (i) real, 
(ii) purely imaginary, 
B-6 
(a) If the equations 
Y+ay+py=O 
and ?+Ву+у®=0 
have a common root, prove that their other roots are given by the 


equation 
P+yy+op=0 


і 
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(b) If «and В are the roots of the equation Iadi 
AQ? —y)+y+5=0 
and if A, Эв are the two values of? obtained from + = £ , 
show that f 


i 8 
+% 3 =4048 eut i кы 
X i i 


(c) If one root of the абай ax*+bx+c=Obe the square of the other 
show that Y 


| &(c — bf = c(a— b} 
(d) If « and В are the roots of x3 — p(x4- 1)—c-0, show that 
(i) («1X8 1)21 me tant oyo th) 
and (ii) «2+2«+1 , 8+28+1 


yt 1 
сд CES an | 


(a) Prove by the method of OREAK TRE that 
(i) x?"-1 + y- is divisible by (x+ y) e 
(ii) юрта >0 o 
а z+ (0) Prove that. | . ia. хе зан 9f) ind) word fa) 


E sin n+ 1). E ni 
1 2 a 
у +005 а +соз2 а+с08 34+... eos na= 


wabe 5 lo. Aoi Stizoqge 10 Hb 3 S15 (9 C) } bég din Lf (0) 
влізе эт; e si e jecogaib ott рца, ROZ ois o enone 
d «#0, + 2m, + 4m, de AS gees 
0 (© Find the term independent of ^p^ 10 ebie Звод aT (3) 


$a ja T - dependent of x "m ia noitcipe саг 
| И aod OAT VIA T NJ 
x en 


обие aos pu. hi 
Menta od #039; 
(4) Find the «ok in : 
SN, + idet a A 


TENERS ^ ween a and b so 
ûf P" onit 2 


et 
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| (b) Prove that i 
kia b  ax+by 
b с bxtey |= (6? -ac)tax? ~ 2bv + cy?) 


M axtby bxt+cy 0 
(c) If i2 у —1, prove that 
lti 1-i i 
1-і і l+i |-4-7i 
і 1+ liri 


(d) Prove that 
lta 1 1 
ТЫЛАР АЫЛ [кар (1+ tl) 
id D b. С 
1 1 Itc { 
В-9 
(а) Show that the lines ax+Łby+c=0 enclose a rhombus whose area is 
22 
sU 


(b) (1, 2) and (3, 8) are a pair of opposite vertices of a square. Find the 
equations of the sides and the diagonals of the square passing 
through (1, 2). 

(c) The adjacent sides of a parallelogram are 4x +:5y = 0 and 7x 4- 2y =0. 
If the equation of one diagonal be 11x + 7y — 9 — 0, show that the 
equation of the other diagonal is y-x. 

(d) If O to be the origin and coordinates of any two points Q1 and 02 
be (x1, yı) and (x2, уз) respectively, prove that | 


OQ1X OQ» cos Q10Q» = хіх + yiy2 


(e) Find the area of triangle formed by y-axis, the strai ght line L pass- 
ing through (1, 1) and (2, 0) and the straight line perpendicular to 


Land passing through (+ 9) 
B-10 


(a) If the vertices of a triangle have integral coordinates, prove that the 
triangle cannot be equilateral. 5 

(b) Find the equation of a Straight line passing through the point of 
intersection of the lines x — 3y-- 1 = 0 and 2x + 5y —9 =0 and whose 
distance from the origin is 4/5. Y 

(c) A point moves such that the sum of the squares of its distance from 
the sides of a square of side unity is equal to P. Show that the locus 
is a circle whose centre coincides with the centre of the square. Also 
show that its radius is two units. 
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(d) If x cos «+y sin «—p =0 is the equation of a chord on the circle 
x2+y?—a?=0, the equation of the circle for which this chord is a 
diameter, is given by 

х?+ y?- a? — 2p(x cos 4 +y sin «— p) =0 

(е) Show that the common tangents to the circles x?+y?+2x=0 and 

(x — 3)7+ y? = 9, form an equilateral triangle. 
B-11 : 
(a) Differentiate V sin x? w.r.t. x from first principles 


(b) Solve 4 (tan? ax) from first principles. 


(c) Solve ab initio: 
d 2 
Oe [cos (ax?+ bx + с)] 


(d) If [x] denotes the largest integer less than or equal to x, then dis- 
cuss the continuity for the function /(х) = x +[х], for x > 0, at x=2. 
Given f(2) = 4. ! 

(e) Show that 


9Waedrr-1 2 _ 
(f) Show that i : = = 
lim (1+ cos х)? *%х = е3 


x>n]2 vn 

: (g) Use the result lim (14-x)*-e,toprovethat = ^ ^ ^ 

b. * 3k 

a fim (Ez) е. e 

3 xe V x—e 

3 B-12 7 $ go Rae aot) om (6 ; 
P (a) Find the equations of the tangents drawn from (4, -2) to the circle - 

К @ IRE uw Т Sen 


(b) Prove that tangent to the circle 
; х2+у2=5 VES Pee 
at (1, —2) also touches the circle _ idt 

×2 + y?—8x+6y+20=0 
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B-13 
(а) Show that 
1 \х+1 
fe)=(1+ +) 
is a decreasing function of x for x > 0. 
(b) The function "Gees has a turning poin at P(2, — 1). Find 
the values of.a and b and show that yis a maximum at P. 


(c) Show that the least value of the portion of the tangent to x2/a? + 
/b=1 intercepted between the axes is (a+b). 


(d) If x Vi+yt+yV1+x=0, prove that 


лаа А 

ах (+x)? 

@ 1ty- (Vx), fina Z. 
x 

(2 Ify-x log ax 23] show that 


B-14 
(а) Prove that 


т dx т 
f. 1-2acos x tg 71-028 <! 
(b) Find [tos XPV x dx 
(c) Find [ } "ERE їй 
0 x 
(d) Evaluate 
(i) ji Sin" x cos" x dx 


„у ["? vtan x 
(ii) — T 
о Vtanx+ 4 сох à 
(e) Find the àrea of the region bounded by the x-axis and the parabola 
ya == 2x2) 


(f) Evaluate /1+sin = dx 
B-15 
(a) Find the vector whose length is 10 units and is inclined to the 
vectors (— 2i-- 3j-- 6k), ( —i— 4ja- 8k) at angles 120* and 90? res- 
pectively. A is i 
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> a a ^ йр, ^ ^ ^ 
(Б) A constant force having components Pi=i— j--k, P2= —i+2j—-k 


and Pi-j-k act on a particle at a point 4. Determine the work 
done when the particle is displaced from A(4, —3, — 2) to B(6, 1, — 3). 
Also find the moment of the force P: about the point (1, 0, 1). 


(c) A speaks the truth in 75% and B in 80% of the cases. In what per- 
cent of cases are they likely to contradict each other in narrating 
the same incident? 


(d) Asportman’s chance of shooting an animal at à distance г is ar 
He fires when r=2a and if the misses, he reloads and fires when 
r=3a, 4a, .... If he misses at a distance na, the animal escapes. 
Show that the odds against the sportsman are (л + 1)/(п- 1). 
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A-26 (a) ` А-54 (а): =, - A782 . A-7798 
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Y 


B-13 а=1 b=0 
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PART B 


s 0 (¥ 
Ox 


B5(d)(i)¢=n7 — (i) «=лт+(— (3/4, 
B-7 (c) 5/12 


(4) 462 = 


(е) = 2С x 5 
B-9 (b) 2y- x-3=0 
у+2х-4=0,  y-3x41- 
25 
(0 те 
B-10 (b) 2х+у-5=0 
2x cos x? 
B-11 (a) жа. 
(b) 2a tan (ax) sec? (ax) 
(c) 7 Qax-t b) sin (ax? - bx +e) 
(d) discontinuous 
B-12 (а) x-3y-10-0 
3х+у-10=0 


ab=1 


(e) Pr x(1—a« TE x) log мх] 


`. where Qm yt" 
B-14 (b) Fx log x?- 12 log x+16]+C 
(c) z 
(4) (00 (i) 7/4 
(e) 15. sq. units 


(f) 4V/2 sin (E)«c 


BaS() ai+bj+ck, where a-92, b= 39, c= —0.8 


ог a=-6,b=—-7,] c= -43 


(b) 9 units, 6۷/2 units 
(с) 35% 
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